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Description 

FIELD OF THE INVENTION 

5 [0001] The present invention is directed to epoxy nanocomposite compositions containing onium ion and epoxy resin 
co-intercalated layered materials and exfoliates thereof, in rigid anhydride-cured epoxy resin matrix polymers. A swella- 
ble layered material, such as a phyllosilicate, e.g., a smectite clay, is first intercalated with an onium ion spacing agent, 
as well known in the art, to expand the interlaminar spacing between adjacent layers of the layered material at least 
about 3 A, preferably at least about 5 A, to at least about 10 A, preferably to at least about 15 A. The ion-exchange of 

10 the layered material inorganic cations with the onium ion (ammonium, phosphonium, oxonium or sulfonium ion) spacing 
agent molecules enables the conversion of the hydrophilic interior clay platelet surfaces to hydrophobic platelet sur- 
faces, so that an anhydride-curable epoxy resin then can be intercalated between the onium ion-expanded planar 
platelets so that the co-intercalated phyllosilicate can be easily exfoliated in the anhydride-cured epoxy matrix polymer 
to form an anhydride-cured epoxy nanocomposite composition. The intercalated epoxy is not chemically or ionically 

*5 bound to the platelet surfaces, but intercalates into the onium ion-intercalated interlayer spaces due to the compatibility 
with the onium ion-intercalated platelet surfaces. 

[0002] The preferred minimum molar ratio of the onium ion intercalant to the interlayer inorganic cations to convert 
the platelet surfaces from hydrophilic to hydrophobic is at least about 0.5: 1 , more preferably at least about 1:1. However, 
the molar ratio of the onium ion molecules to the interlayer exchangeable cations, in the interlayer spaces between 
20 phyllosilicate platelets, can be reduced to a substantially lower level, e.g., in the range of from about 0.2:1 to about 
0.5:1 while achieving sufficient spacing between adjacent phyllosilicate platelets for intercalation of the anhydride- 
curable epoxy resin and subsequent platelet exfoliation. The compositions are useful for sealing electronic components; 
adhesives; potting or encapsulation; electronic insulation; filament winding resin binders, and the like, and have in- 
creased glass transition temperatures. 

25 

BACKGROUND OF THE INVENTION AND PRIOR ART 

[0003] It is well known that phyllosilicates, such as smectite clays, e.g., sodium montmorillonite and calcium montmo- 
rillonite, can be treated with organic molecules, such as organic ammonium ions, to intercalate the organic molecules 

30 between adjacent, planar silicate layers, for bonding the organic molecules with a polymer, such as an epoxy resin, 
for intercalation of the polymer between the layers, thereby substantially increasing the interlayer (interlaminar) spacing 
between the adjacent silicate layers. The thus-treated, intercalated phyllosilicates, having interlayer spacings of at 
least about 10-20 A and up to about 300 A, then can be exfoliated, e.g., the silicate layers are separated, e.g., me- 
chanically, by high shear mixing. The individual silicate layers, when admixed with a matrix polymer, e.g., an epoxy - 

35 see U.S. Patent Nos. 4,889,885; 5,554,670; 5,760,106 and 5,801,216 - have been found to improve one or more 
properties of the polymer, such as mechanical strength and/or high temperature characteristics. 
[0004] Exemplary prior art composites, also called "nanocomposites", are disclosed in published PCT disclosure of 
Allied Signal, Inc. WO 93/041 1 8 and U.S. Patent No. 5,385,776, disclosing the admixture of individual platelet particles, 
derived from intercalation of layered silicate materials, with a polymer to form a nanocomposite having one or more 

40 properties of the matrix polymer improved by the addition of the exfoliated intercalate. As disclosed in WO 93/04118 
and U.S. Patent No. 5,554,670, the intercalate is formed (the interlayer spacing between adjacent silicate platelets is 
increased) by adsorption of a silane coupling agent or an onium cation, such as a quaternary ammonium compound, 
having a reactive group which is compatible with the matrix polymer. Such quaternary ammonium cations are well 
known to convert a highly hydrophilic clay, such as sodium montmorillonite or calcium montmorillonite, into an organ- 

45 ophilic clay capable of sorbing organic molecules. 

[0005] US 5801,216 describes a resin clay composite comprising: 

(a) a cured epoxy resin which has been cured by a curing agent; and 

(b) a smectite clay having layers with the cured epoxy resin and with organic onium cations separating the layers, 
50 wherein the onium cations are protonated unsubstituted alkyl ammonium cations containing 3 to 22 carbon atoms 

in the alkyl ammonium cations, wherein the composition contains between about 5 and 50 weight percent of the 
clay and wherein the average separation between the clay layers in the composition is between 7 A to 300 A , and 
wherein the curing agent is non-interfering with the onium cations in achieving separation of the layers of the 
smectite clay. 

55 

[0006] US 5,760 describes a method for providing a flexible sealant in an apparatus the improvement which com- 
prises: 
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providing as the sealant a resin-clay composite composition which comprises: 

(a) a cured epoxy resin; and 

(b) a smectite clay having layers with the cured epoxy resin separating the layers, the galleries containing the 
5 cured epoxy resin and organic onium cations wherein the onium cations are protonated unsubstituted alkyl 

ammonium cations containing 3 to 22 carbon atoms in the alkyl ammonium cations. Wherein the composition 
contains between about 5 and 50 weight percent of the clay, and wherein the average separation between 
the clay layers corresponds to a gallery height of 7 A to 33 A. 

10 [0007] Both of these specifications are limited to the use of protonate onium ions. 

[0008] In accordance with the present invention, intercalates are prepared by contacting a phyllosilicate with an 
onium ion that does not contain an e poxy-reactive functional moiety so that a subsequently intercalated anhydride- 
cured epoxy does not bond to the intercalated onium ion molecule. 

[0009] In accordance with an important feature of the present invention, best results are achieved by mixing the 

*5 layered material with the onium ion molecules in a molar ratio of at least about 0.5:1 onium ions to layered material 
interlayer exchangeable cations, preferably at least about a 1:1 molar ratio of onium ions to exchangeable platelet 
cations. Regardless of the concentration of onium ion spacing/coupling agent, the intercalating composition should 
have an onium ion layered material weight ratio of at least 1:20, preferably at least 1:10, more preferably at least 1:5, 
and most preferably at least about 1:4 to achieve sufficient ion-exchange of the protonated atom of the onium ion 

20 molecule (N + , P + , 0 + or S + ) with inner surface cations of the platelets of the layered material to achieve efficient inter- 
calation and bonding of the onium ion compound at the platelet surfaces for subsequent exfoliation, particularly after 
epoxy resin intercalation. The onium ion intercalant compound sorbed between and bonded to (ion-exchanged with) 
the silicate platelets causes sufficient separation or added spacing between adjacent silicate platelets for easy co- 
intercalation of the anhydride-curable epoxy resin. It should be understood that when determining the molar ratio of 

25 onium ions to layered material, it is the moles of onium ion (without the dissociated anion) that is calculated, without 
considering the molecular weight of the dissociated anion once the onium ion compound is solubilized. 
[0010] One prior art method of preparing layered silicate-epoxy nanocomposites is disclosed by Giannelis in U.S. 
Patent No. 5,554,670. In accordance with the method disclosed in the Giannelis '670 patent, a smectite-type clay is 
first contacted with an organic compound containing alkylammonium ions having functional groups which are reactive 

30 to epoxy resin molecules. The clay layers are attached to the polymer network via onium ion-exchange with the clay 
platelet cations - the epoxy resin reacting with the reactive functionality on the onium ion molecule. The nanocomposites 
disclosed in the '670 patent exhibit a slightly increased glass transition temperature - the dynamic storage modulus of 
the nanocomposite was considerably higher in the glassy region and very much higher in the rubbery region when 
compared with the pristine matrix polymer. 

35 [001 1] It has now been found that the glass transition temperature (Tg) of rigid anhydride-cured epoxy resins (rigid 
being defined herein as having a Tg > 30°C) can be unexpectedly raised by mixing the anhydride-curable epoxy resin 
with a nanomer formed by intercalating a layered silicate material, such as a phyllosilicate, with organic onium ions to 
space the adjacent platelets sufficiently for intercalation of an anhydride-curable epoxy resin, and mixing the onium 
ion-intercalated layered material with an anhydride-curable epoxy resin and an anhydride curing agent to co-intercalate 

40 the anhydride-curable epoxy resin with onium ions and the anhydride curing agent to form the nanocomposite com- 
position. 

[0012] In principle, the anhydride-curable epoxy resin and onium ion co-intercalants of the present invention perform 
together in the gallery of the layered materials to make the inorganic layered materials compatible with the epoxy matrix 
polymer and form the nanocomposite. The anhydride-cured epoxy resin does not bond to the onium ions or to the 
45 phyllosilicate platelets since the onium ions are not epoxy-reactive functionalized. The co-intercalates made by the 
process of the present invention can be admixed with all market available epoxy resin systems to form nanocomposites. 
Examples of suitable epoxy resins include: Bisphenol A-derived resins, Epoxy cresol Novolac resins, Epoxy phenol 
Novolac resins, and the like. 

50 DEFINITIONS 

[0013] Whenever used in this Specification, the terms set forth shall have the following meanings: 
[0014] "Layered Materiar shall mean an inorganic material, such as a smectite clay mineral, that is in the form of a 
plurality of adjacent, bound layers and has a thickness, for each layer, of about 3 A to about 50 A, preferably about 1 0 A. 
55 [0015] "Platelets" shall mean individual layers of the Layered Material. 

[0016] "Intercalate" or "Intercalated" shall mean a Layered Material that includes organic quaternary onium ion mol- 
ecules disposed between and bound to adjacent platelets of the Layered Material that are ion-exchanged for layered 
material exchangeable cations to increase the interlayer spacing between the adjacent platelets at least 3 A, preferably 
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at least 5 A to an interlayer spacing of, for example, at least about 10 A, preferably to at least about 15 A, and the 
layered material also includes epoxy molecules disposed between adjacent layered material platelets until the platelets 
have a d-spacing of at least about 20 A, preferably about 20-35 A. The epoxy is bound neither to the layered material 
platelets nor to the onium ions. 

5 [0017] "Intercalation" shall mean a process for forming an Intercalate. 

[0018] "Organic Onium Ions" shall mean a monomeric organic cation that includes a N+, P + , 0 + or S + cation which 
is capable of ion-exchanging with inorganic cations, such as Li + , Na + , K + , Ca +2 and Mg +2 in the interlayer space 
between Layered Material Platelets. The quaternary onium ions are sorbed between Platelets of the Layered Material 
and ion-exchanged at protonated N + , P + , 0 + or S + ions with at least the Na + cations on the platelet surfaces to form 

to an Intercalate. 

[0019] "Epoxy resin" shall mean an epoxy polymer, or a monomer or prepolymer (oligomer) that can react with one 
or more anhydride curing agents to yield network thermosetting epoxy polymers. The polymer, monomer or prepolymer 
(oligomer) shall have at least one three-membered cyclic ether group commonly referred to as an epoxy group, 
1,2-epoxide or oxirane. 

15 [0020] "Co-intercalation" shall mean a process for forming an intercalate by intercalation of quaternary onium ions 
and an anhydride-curable epoxy resin and, optionally, an anhydride curing agent for the anhydride-curable epoxy resin. 
[0021] "Concentrate" shall mean an intercalate comprising a layered silicate inorganic material including ion-ex- 
changed and intercalated quaternary onium ions and an intercalated anhydride-curable epoxy resin, said intercalate 
combined with an anhydride-curable epoxy matrix polymer, in an intercalate concentration greater than needed to 

20 improve one or more properties of the matrix polymer, so that the concentrate can be mixed with additional matrix 
polymer to form a nanocomposite composition or a commercial article, and an anhydride curing agent added to the 
concentrate or to the nanocomposite composition. 

[0022] "Intercalating Carrier" shall mean a carrier comprising water with or without an organic solvent used together 
with the quaternary onium ions and/or with the anhydride-curable epoxy resin to form an Intercalating Composition 
25 capable of achieving quaternary onium ion Intercalation of the Layered Material and, at the same time or separately, 
Intercalation of the co-intercalant anhydride-curable epoxy resin, and optionally an anhydride curing agent for the 
epoxy, between platelets of the Layered Material. 

[0023] "Intercalating Composition" or "Intercalant Composition" shall mean a composition comprising quaternary 
onium ions and/or an Intercalant anhydride-curable epoxy resin, an Intercalating Carrier for the quaternary onium ions 
30 and/or for the anhydride-curable epoxy resin, a Layered Material, and optionally an anhydride curing agent for the 
epoxy. 

[0024] "Exfoliate" or "Exfoliated" shall mean individual platelets of an Intercalated Layered Material, or tactoids or 
clusters of individual platelets, e.g., 2-10 platelets, preferably 2-5 platelets, that are smaller in total thickness than the 
non-exfoliated Layered Material, capable of being dispersed as individual platelets and/or tactoids throughout an an- 
35 hydride-cured epoxy resin. 

[0025] "Exfoliation" shall mean a process for forming an Exfoliate from an Intercalate. 

[0026] "Matrix Polymer" shall mean an anhydride-curable epoxy resin that the Intercalate and/or Exfoliate is dis- 
persed throughout. 



40 SUMMARY OF THE INVENTION 



[0027] In brief, the present invention is directed to nanocomposite composition prepared by co-intercalation of qua- 
ternary onium ions and an anhydride-curable epoxy resin between the planar layers of a swellable layered silicate 
material, such as a phyllosilicate, preferably a smectite clay. The spacing of adjacent layers of the layered materials 

^5 is expanded at least 3 A, preferably at least about 5 A, to at least about 10 A, preferably to at least about 15 A usually 
to about 15 A to about 30 A, e.g., 1 8 A, by quaternary onium ion intercalation and ion-exchange with interlayer cations, 
such as Li + , Na + , K + , Ca +2 , Mg +2 or other inorganic cations that are naturally disposed in the interlayer space between 
adjacent platelets or layers of the swellable layered silicate materials. The ion-exchange binding between the quater- 
nary onium ions and the platelet surface, via ion-exchange with intergallery inorganic cations, eliminates the presence 

50 of water molecules associated with the inorganic cations. Therefore, the quaternary onium ion-exchange enables the 
conversion of the hydrophilic interior clay surface to hydrophobic and, therefore, hydrophobic epoxy polymer molecules 
can then be intercalated into the clay galleries to increase the d-spacing of adjacent layers to at least about 20 A, 
preferably about 25-35 A. 

[0028] Accordingly, one aspect of the present invention is to provide epoxy nanocomposite compositions, methods 
55 of manufacturing the nanocomposite compositions, epoxy-intercalated nanomers, and methods of manufacturing the 
nanomers for improving thermal, mechanical and/or gas-impermeability characteristics of anhydride-cured epoxy res- 
ins. 

[0029] Another aspect of the present invention is to provide intercalates, and methods of manufacturing the interca- 



4 



EP1 038 913B1 

lates, formed by intercalating a quaternary onium ion spacing/coupling agent that is not reactive with an anhydride- 
curable epoxy resin into a layered material, such as a smectite clay, and simultaneously or subsequently co-intercalating 
an anhydride-curable epoxy resin, said co- intercalated layered material capable of substantially increasing the thermal, 
mechanical, and/or gas-impermeability characteristics of an anhydride-curable rigid epoxy resin when added thereto 
5 in an amount of about 0.05% to about 60% by weight. 

[0030] The above and other aspects and advantages of the present invention will become more apparent from the 
following detailed description of the preferred embodiments, read in conjunction with the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 

[0031] 

FIG. 1 is a graph showing the thermal analysis of a DER331 epoxy resin, ECA100 anhydride curing agent with 
and without a curing accelerator compound (AP-6E) with and without 10 parts of clay intercalate (per hundred 
15 parts (phr) of epoxy) - intercalated with the same epoxy resin and the same anhydride curing agent, added to the 

same anhydride-cured epoxy matrix polymer, showing a substantial increase in modulus with the intercalate; and 
FIG. 2 is a graph showing the dynamic mechanical analysis (DMA) for DER331 epoxy resins with a ECA 1 00 curing 
agent and a AP-6E curing accelerator with 20% by weight of an octadecyltrimethyl ammonium chloride-intercalated 
sodium montmorillonite clay, based on the weight of the epoxy. 

20 

[0032] On both figures the curves identified as Sm are for storage modulus and refer to the left hand vertical axis 
and the curve identified as Td are for tan-delta and refer to the right hand axis. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

25 " ' 

[0033] Suitable onium ion molecules are not epoxy reactive and are quaternary onium ions. The quaternary onium 
ions have the general structure: 



30 K x 

i 

R 2 X * R 4 , 

35 | 

wherein X=N, P, O or S and R 1t R 2 , R 3 and R 4 , same or different, are epoxy non-reactive organic radicals and can be 
aliphatic, aralkyl or aromatic, linear or branched. 

[0034] The present invention is directed to a method of preparing intercalated layered materials prepared by co- 
intercalation of quaternary onium ions and anhydride-curable epoxy resins between the planar layers of a swellable 
layered material, such as a phyllosilicate, preferably a smectite clay. With the assistance of the intercalating carrier, 
the quaternary onium ions and the anhydride-curable epoxy polymer molecules will co-intercalate into the galleries of 

45 the layered materials to form intercalates or intercalate concentrate compositions capable of easy exfoliation. 

[0035] While the invention described herein is disclosed by way of the preferred embodiment via expanding the 
interlaminar spacing between adjacent platelets of a layered silicate material, e.g., a phyllosilicate, by first intercalating 
quaternary onium ions between the silicate platelets, prior to or simultaneously with intercalating an anhydride-curable 
epoxy resin intercalant, it should be understood that the anhydride-curable epoxy resin intercalant can be intercalated 

50 between and complexed to the internal platelet faces by other well known mechanisms, such as the dipole/dipole (direct 
intercalation of the anhydride-curable epoxy resin oligomer or polymer) method disclosed in this Assignee's U.S. Patent 
Nos. 5,880,197 and 5,877,248, hereby incorporated by reference; and by the acidification technique, by substitution 
with hydrogen (ion-exchanging the interlayer cations with hydrogen by use of an acid or ion-exchange resin) as dis- 
closed in the Deguchi U.S. Patent No. 5,102,948, and in the Pinnavaia, et al. U.S. Patent No. 5,853,886, hereby 

55 incorporated by reference. 

[0036] The present invention also is directed to the exfoliate and nanocomposite compositions which are prepared 
from the intercalate or intercalate concentrate compositions. The exfoliate can be prepared by diluting the concentrate 
in more anhydride-curable epoxy polymer, or adding the epoxy polymer, e.g., polymerized epoxy resins, and then 



5 



EP 1 038 913 B1 



curing with one or more anhydride curing agents. 

[0037] In general, suitable epoxy and phenoxy resins are aliphatic-, cycloaliphatic-, or aromatic-based epoxy resins, 
such as, for example, epoxy resins represented by structural formulae I and II: 



O 
/\ 
H 2 C— C CH 2 



- -O — -KJj-0 — CH 2 — C — CH 2 



— KH-o— ch 2 —c — CH 2 



(I) 
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0 (X) 4 (X) 4 

H 2 C^-C — CH 2 — O "~{^}~ (A) « "~f^3~ 



OH (X) 4 (X) 



n' 



1 CH 2 C CH 2 



01) 

, wherein each A is, independently, a divalent hydrocarbyl group having 1 to about 12, preferably 1 to about 6, and 
most preferably 1 to about 4, carbon atoms; each R is, independently, hydrogen or an alkyl group having 1 to about 3 
carbon atoms; each X is, independently, hydrogen, a hydrocarbyl or hydrocarbyloxy group having 1 to about 12, pref- 
erably 1 to about 6, and most preferably 1 to about 4, carbon atoms, or a halogen atom, preferably chlorine or bromine; 
n is 0 or 1, and n' has an average value of about 2 to about 30, and preferably 10 to about 30. 
[0038] In particular, the preferred epoxy and phenoxy resins are the (diglycidyl ether/bisphenol-A) resins, i.e., poly- 
ether diepoxides prepared by the polymeric adduction of bisphenol-A (III) 




CH 3 

(in) 



and the diglycidyl ether of bisphenol-A (IV). 
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H 2 C— C CH 2 O 




O CH 2 C^~CH 2 



(IV) 

In this case, the epoxy resin is a mixture including polymeric species corresponding to different values of n' in the 
following idealized formula V: 



CH 3 
C- 




CH 3 



-CH 2 — CH CH 2 ~ 

I 

OH 



CH 3 



c- 

CH 3 




-O CH 2 - 



-CH CH 2 



(V) 



wherein n* is a number from about 2 to about 30. 

[0039] In addition to bisphenol-A, useful epoxy and phenoxy resins can be prepared by advancing a diglycidyl ether 
of a bisphenol listed below with an exemplary, but nonlimiting, bisphenol listed below: 



O 
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10 



HO 




OH 



15 



20 



CH 3 CH 3 

HO _0_ CBfH K- a 



(CH 2 ) 2 CH 3 



CH 3 

H 

(CH 2 ) 2 CH 3 



25 [0040] Other anhydride-curable epoxy resins that can be used as the co-intercalants of the present invention are 
prepared from the following starting epoxy-containing materials. These epoxy-containing materials are reacted with 
bisphenol-A or another bisphenol to adjust the molecular weight of the epoxy resin, as desired. 



30 



H*>C- 



-CHCH 2 0 ( CH 2 ) 2 OCH 2 CH . 



-CH, 



35 



40 



CH 2 CH 



0 o 

1 I 

- CH 2 CH 2 



CH 



CH 2 



45 



50 




/ 



A 




A 



•CH 2 -0-C 



V 



\ 

/ 



55 



[0041] Other suitable epoxy resins useful in accordance with the present invention include epoxy novolac resins. 
[0042] Epoxy novolac resins useful in making the nanocomposite composition of the present composition include 
polyfunctional epoxy resins having an epoxy functionality of about 2, and preferably greater than about 2, to about 6, 
and preferably greater than about 2 to about 5. The epoxy novolac resins include low molecular weight resins having 
an epoxide equivalent weight (EEW) of about 100 to about 220, and preferably an EEW of about 150 to about 210. 
[0043] Epoxy novolac resins useful in the present invention include for example, but are not limited to, epoxy phenol 
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novolac resins. Epoxy phenol novolac resins are represented by general structural formula (VI) wherein n is about 0.2 
to about 4. 



10 




C I ) 



« (VI) 



The multifunctional epoxy phenol novolac resins contain a phenolic hydroxyl group per phenyl ring in random para- 
para', ortho-para', and ortho-ortho' combinations. Epoxidation with epichlorohydrin yields the highly functional epoxy 
20 phenol novolac resins. The epoxy phenol novolac resin can be a high viscosity liquid (i.e., n about 0.2) or a solid (i.e., 
n greater than 3). 

[0044] Nonlimiting examples of epoxy phenol novolac resins useful in the present invention are ARALDITE® EPN 
1139 available from CIBA-GEIGY Corp., Hawthorne, NY, and D.E.N. 431, available from Dow Chemical Co., Midland, 
Ml. These epoxy phenol novolac resins have an n value (from structural formula I) of 0.2, an EEW of 175 and an epoxy 
25 functionality of 2.2. Other nonlimiting examples of epoxy phenol novolac resins are D.E.N. 438 and ARALDITE® EPN 
1138, available from Dow Chemical Co. and CIBA-GEIGY Corp., respectively, and having an n value of 1.6, an EEW 
of 178 and an epoxy functionality of 3.6; and D.E.N. 439 available from Dow Chemical Co. and having an n value of 
1.8, an EEW of 200 and an epoxy functionality of 3.8. 

[0045] Another useful class of epoxy novolac resins is the epoxy cresol novolac resins depicted in general structural 
30 formula (VII), wherein n is about 1 .7 to about 4.4. 



35 




C II > 



(VII) 

45 The epoxy cresol novolac resins are prepared by glycidylation of o-cresolformaldehyde condensates in the same man- 
ner as the epoxy phenol novolac resins. The epoxy functionality of the epoxy cresol novolac resins is about 2.7 to 
about 5.4. 

[0046] Other useful epoxy novolac resins, i.e. , polyfunctional epoxy resins, include but are not limited to a polynuclear 
phenol-glycidyl ether resin, such as the tetraglycidyl ether of tetrakis(4-hydroxyphenyl)ethane depicted in structural 
50 formula (VIII), and having an EEW of about 185 to about 210 and a theoretical epoxy functionality of four. 



55 
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> e CH — CH- < 




V 



0) e 
\ 

CH, 



to 



(VIII) 



75 



20 



25 



[0047] A tetraglycidylmethylenedianiline resin exemplified in structural formula (IX), as N.N.N'.N'-tetraglycidyl-M*- 
diaminophenylmethane, having an EEW of about 117 to about 133 and an epoxy functionality of about 4 also can be 
used as the epoxy novolac resin. 



CCH ? -CHCH 2 ) 2 -N 

\ / 

0 




J z 



< I V) 



(IX) 



30 in addition, triglycidyl p-aminophenol resins, available from CIBA-GEIGY Corp., and having an EEW of about 105 to 
about 114 and an epoxy functionality of about 3 can be used as the epoxy novolac resin. 

[0048] Another exemplary epoxy novolac resin is a triglycidyl isocyanurate depicted in structural formula (X) and 
having an epoxy functionality of about 3 and an EEW of about 108. 



35 



40 



45 



CH, II CH ? 



CV) 



50 



(X) 



[0049] An epoxy novolac resin provides a sufficient number of crosslinking sites such that the resulting anhydride- 
cured epoxy nanocomposite composition is rigid and has an unexpectedly high Tg. 
55 [0050] Any anhydride curing agent can be used to cure the above-described epoxy resins. Some of the available 
anhydride curing agents for epoxies, together with their suggested cure schedule, are listed in Table I: 
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TABLE I 





CURING AGENT 


SUGGESTED CURE SCHEDULE 


5 


Nadic methyl anhydride (NMA) 


2 hours at 90°C + 
4 hours at 165°C+ 
16 hours at 200°C+ 


10 


Hexahydroplithalic anhydride (HHPA) 


2 hours at 100°C + 




2-6 hours at 150°C + 




Trimellitic anhydride (TMA) 


24 hours at 150-1 80°C + 




Dodecenyl succinic anhydride (DDSA) 


2 hours at 100°C* 


15 




4-6 hours at 150°C + 




Phthalic anhydride (PA) 


24 hours at 120°C + 
8 hours at 150°C + 


20 


Methyl hexahydrophthalic anhydride (MHHPA) 


3 hours at 100°C + 




6 hours at 140°C + 




Tetrahydrophthalic anhydride (THPA) 


24 hours at 120°C* 
8 hours at 150°C + 


25 


Methyl tetrahydrophthalic anhydride (MTHPA) 


2 hours at 90°C + 
4 hours at 150°C + 



[0051] Sorption of the quaternary onium ions should be sufficient to achieve expansion of the interlayer spacing of 
adjacent platelets of the layered material (when measured dry) to at least about 10 A, preferably to at least about 15 
A, more preferably to at least about 20 A, and after intercalation of the anhydride-curable epoxy resin, and optionally 
an anhydride curing agent for the epoxy, the interlayer spacing preferably is in the range of about 25-45 A. To achieve 
intercalates that can be exfoliated easily, the molar ratio of quaternary onium ions to interlayer cations should be at 
least 0.5:1, preferably about 1:1 or more. The co-intercalation of the quaternary onium ions and anhydride-curable 
epoxy intercalants into the clay interlayer spacing can be achieved by intercalation of the anhydride-curable epoxy 
intercalant after intercalation of the quaternary onium ions; or by simultaneous intercalation of quaternary onium ions 
and anhydride-curable epoxy, and optionally an anhydride curing agent for the epoxy, at ambient or elevated temper- 
atures. 

[0052] Once exfoliated, the platelets of the intercalate are predominantly completely separated into individual plate- 
lets and the originally adjacent platelets no longer are retained in a parallel, spaced disposition, but are free to move 
as predominantly individual platelets throughout an anhydride-cured epoxy matrix polymer melt for enhancing one or 
more properties, particularly strength and glass transition temperature, of the matrix, anhydride-cured epoxy polymer. 
The predominantly individual phyllosilicate platelets, having their platelet surfaces ion-exchanged with the quaternary 
onium ion molecules, are randomly, homogeneously and uniformly dispersed, predominantly as individual platelets, 
throughout the anhydride-cured epoxy polymer to achieve new and unexpected strength and glass transition temper- 
atures in a rigid epoxy nanocomposite composition. 

[0053] Any swellable layered material that sufficiently sorbs the onium ion intercalant to increase the interlayer spac- 
ing between adjacent phyllosilicate platelets to at least about 1 0 A (when the phyllosilicate is measured dry) may be 
used in the practice of this invention. Useful swellable layered materials include phyllosilicates, such as smectite clay 
minerals, e.g., montmorillonite, particularly sodium montmorillonite; magnesium montmorillonite and/or calcium 
montmorillonite; nontronite; beidellite; volkonskoite; hectorite; saponite; sauconite; sobockite; stevensite; svinfordite; 
vermiculite; and the like. Other useful layered materials include micaceous minerals, such as illite and mixed layered 
illite/smectite minerals, such as rectorite, tarosovite, ledikite and admixtures of illites with the clay minerals named 
above. 

[0054] Other layered materials having little or no charge on the layers may be useful in this invention provided they 
can be intercalated with the quaternary onium ion intercalant to expand their interlayer spacing to at least about 10 A. 
Preferred swellable layered materials are phyllosilicates of the 2:1 type having a negative charge on the layers ranging 
from about 0.15 to about 0.9 charges per formula unit and a commensurate number of exchangeable metal cations in 



16 



EP1 038 913 B1 

the interlayer spaces. Most preferred layered materials are smectite clay minerals such as montmorillonite, nontronite, 
beidellite, volkonskoite, hectorite, saponite, sauconite, sobockite, stevensite, and svinfordite. 
[0055] As used herein the "interlayer spacing" refers to the distance between the internal faces of the adjacent layers 
as they are assembled in the layered material before any delamination (exfoliation) takes place. The interlayer spacing 
5 is measured when the layered material is "air dry", e.g., contains about 3-6% by weight water, e.g., 5% by weight water 
based on the dry weight of the layered material. The preferred clay materials generally include interlayer cations such 
as Na + , Ca +2 ? K*. Mg +2 , NH 4 + and the like, including mixtures thereof. 

[0056] Some intercalates require a shear rate that is greater than about 10 sec 1 for such relatively thorough exfo- 
liation. Other intercalates exfoliate naturally or by heating, or by applying low pressure, e.g., 0.5 to 60 atmospheres 
10 above ambient, with or without heating. The upper limit for the shear rate is not critical. In the particularly preferred 
embodiments of the invention, when shear is employed for exfoliation, the shear rate is from greater than about 10 
sec -1 to about 20,000 sec -1 , and in the more preferred embodiments of the invention the shear rate is from about 100 
sec 1 to about 10,000 sec 1 . 

[0057] When shear is employed for exfoliation, any method which can be used to apply a shear to the intercalant/ 

15 carrier composition can be used. The shearing action can be provided by any appropriate method, as for example by 
mechanical means, by thermal shock, by pressure alteration, or by ultrasonics, all known in the art. In particularly useful 
procedures, the composition is sheared by mechanical methods in which the intercalate, with or without the carrier or 
solvent, is sheared by use of mechanical means, such as stirrers, Banbury® type mixers, Brabender® type mixers, 
long continuous mixers, and extruders. Another procedure employs thermal shock in which shearing is achieved by 

20 alternatively raising or lowering the temperature of the composition causing thermal expansions and resulting in internal 
stresses which cause the shear. In still other procedures, shear is achieved by sudden pressure changes in pressure 
alteration methods; by ultrasonic techniques in which cavitation or resonant vibrations which cause portions of the 
composition to vibrate or to be excited at different phases and thus subjected to shear. These methods of shearing are 
merely representative of useful methods, and any method known in the art for shearing intercalates may be used. 

25 [0058] Mechanical shearing methods may be employed such as by extrusion, injection molding machines, Banbury® 
type mixers, Brabender® type mixers and the like. Shearing also can be achieved by introducing the layered material 
and intercalant monomer at one end of an extruder (single or double screw) and receiving the sheared material at the 
other end of the extruder. The temperature of the layered material/intercalant monomer composition, the length of the 
extruder, residence time of the composition in the extruder and the design of the extruder (single screw, twin screw, 

30 number of flights per unit length, channel depth, flight clearance, mixing zone, etc.) are several variables which control 
the amount of shear to be applied for exfoliation. 

[0059] To achieve the full advantage of the present invention, exfoliation should be sufficiently thorough to provide 
at least about 80% by weight, preferably at least about 85% by weight, more preferably at least about 90% by weight, 
and most preferably at least about 95% by weight delamination of the layers, and after exfoliation, some tactoids that 

35 include 2-10, particularly 2-5 platelets or, more preferably, individual platelet particles that can be substantially homo- 
geneously dispersed in the anhydride-curable epoxy matrix polymer. As formed by this process, the platelet particles 
or platelet multilayer tactoids dispersed in the matrix anhydride-curable epoxy resin have the thickness of the individual 
layers, or small multiples less than about 10, preferably less than about 5 and more preferably less than about 3 of the 
layers, and still more preferably 1 or 2 layers. In the preferred embodiments of this invention, intercalation and dela- 

40 mination of every interlayer space is complete so that all or substantially all individual layers delaminate one from the 
other to form separate platelet particles for admixture with the carrier or solvent. The compositions can include the 
layered material as all intercalate, completely without exfoliation, and later, after compounding with the matrix polymer, 
such as by extrusion with a melt of the matrix polymer, exfoliation is achieved. 

[0060] Epoxy molding compositions comprising an anhydride-cured epoxy polymer containing a desired loading of 
45 platelets and tactoids obtained from exfoliation of the intercalates manufactured according to the invention are out- 
standingly suitable for the production of sheets and panels having valuable properties. Such sheets and panels may 
be shaped by conventional processes such as vacuum processing or by hot pressing to form useful objects. The sheets 
and panels according to the invention are also suitable as coating materials for other materials comprising, for example, 
wood, glass, ceramic, metal or other plastics, and outstanding strengths can be achieved using conventional adhesion 
50 promoters, for example, those based on vinyl resins. The sheets and panels can also be laminated with other plastic 
films and this is preferably effected by co-extrusion, the sheets being bonded in the molten state. The surfaces of the 
sheets and panels, including those in the embossed form, can be improved or finished by conventional methods, for 
example by lacquering or by the application of protective films. 

[0061] Matrix polymer/platelet composite materials are especially useful for fabrication of extruded films and film 
55 laminates, as for example, films for use in food packaging. Such films can be fabricated using conventional film extrusion 
techniques. The films are preferably from about 10 to about 100 microns, more preferably from about 20 to about 100 
microns and most preferably from about 25 to about 75 microns in thickness. 

[0062] The homogeneously distributed platelet particles, exfoliated in accordance with the present invention, and 
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matrix anhydride-cured epoxy polymer that form the nanocomposites of one embodiment of the present invention are 
formed into a film by suitable film-forming methods. Typically, the composition is melted and forced through a film 
forming die. The film of the nanocomposite may go through steps to cause the platelets to be further oriented so the 
major planes through the platelets are substantially parallel to the major plane through the film. A method to do this is 

5 to biaxially stretch the film. For example, the film is stretched in the axial or machine direction by tension rollers pulling 
the film as it is extruded from the die. The film is simultaneously stretched in the transverse direction by clamping the 
edges of the film and drawing them apart. Alternatively, the film is stretched in the transverse direction by using a 
tubular film die and blowing the film up as it passes from the tubular film die. The films may exhibit one or more of the 
following benefits: increased modulus; increased wet strength; increased dimensional stability; decreased moisture 

10 adsorption; decreased permeability to gases such as oxygen and liquids, such as water, alcohols and other solvents. 
[0063] The onium ion-intercalated treated montmorillonite clays can be incorporated into the epoxy resin, or epoxy- 
an hydride mixture, and the quaternary onium ion-intercalated montmorillonite clay functions as an accelerator for the 
epoxy-anhydride curing reaction, without the need for a curing accelerator. 

[0064] The quaternary onium ion-intercalated layered material, i.e., montmorillonite clay, can be added to the epoxy 
*5 resin from room temperature up to about 120°C. The weight percentage or parts per hundred (phr) of intercalated clay 
added to the matrix polymer can be in the range of 1 to 50, with a preferred range of 5 to 35 phr, based on the total 
weight of the nanocomposite composition. The elevated temperature will reduce the viscosity of the epoxy resin and 
facilitate the dispersion of the onium ion-intercalated layered material, i.e., clay. The anhydride curing agent and optional 
accelerator can be added to the premixed epoxy-clay mixture in the form of the intercalate and/or to the intercalate/ 
20 matrix polymer (nanocomposite) composition. The whole composition can be degassed and cured under normal curing 
cycles. 

[0065] In the above-mentioned incorporation routes of the treated clays into the epoxy-anhydride composition, there 
is no need to add a curing accelerator to the epoxy resin-clay mixture. The resin will be cured without the addition of 
accelerator in the presence of the onium ion-intercalated layered material. The accelerator-free nanocomposites dem- 
25 onstrate comparable increased modulus and glass transition temperatures compared with the nanocomposites with 
accelerators. 

[0066] . The layered material, i.e., montmorillonite clay, is intercalated with non-functionalised quaternary onium ions, 
e.g., quaternary ammonium ions, such as octadecyl trimethyl ammonium (C183M), octadecyl dimethyl benzyl ammo- 
nium (C182MB), octadecyl methyl bis-hydroxyethyl ammonium chloride (Q182, 50% solution), and/or di-tallow dimethyl 

30 ammonium (DTDM). The montmorillonite clay is intercalated and exchanged by ion-exchange reaction with the qua- 
ternary onium ion intercalant at molar ratios of the quaternary onium ion to the clay cation exchange capacity of pref- 
erably 0.5-1:1. The quaternary onium ion-intercalated montmorillonite clays preferably are then reduced by known 
particle size reduction methods, such as hammer mill, jet mill, or air-classifier mill. The onium ion-intercalated layered 
material can be mixed with the anhydride-curable epoxy resin first, then the anhydride curing agent and accelerator 

35 (jf desired) can be added to the epoxy-clay mixture. Upon thorough mixing, the mixture can be cured under normal 
epoxy-anhydride curing conditions. The cured nanocomposites have demonstrated significant improvement in modulus 
before and after the glass transition temperature, and unexpected increased glass transition temperatures compared 
with the unfilled epoxy resin matrix polymers. Also, the nanocomposite demonstrated improved solvent and chemical 
resistance over a wide range of temperatures. X-ray diffraction was used to investigate the clay dispersion, intercalation 

<o and exfoliation in the cured nanocomposites. 

[0067] The improved modulus, especially in the region near Tg, and elevated glass transition temperatures due to 
the nanocomposite formation are demonstrated in the DMA curves of FIGS. 1 and 2. 

Example 1 

45 

[0068] This example demonstrates the preparation of organic quaternary onium ion-intercalated clays, which can be 
used to make the anhydride-cured epoxy nanocomposites. 

Example 1A 

50 

[0069] 100 grams of Na-montmorillonite clay (PGW) commercially available from Nanocor, Inc. (Arlington Heights, 
IL) was dispersed in 3 liters of de-ionized water by mechanical paddle mixer or colloidal mill. The clay dispersion was 
heated to about 75°C to 80°C. 97.44 grams of octadecyltrimethyl ammonium chloride (Q-ST-50, 50 wt% solution from 
Tomah Products), was added to the clay dispersion followed by vigorous mixing. The mixture was maintained at about 
55 75°c to 80°C for about 30 minutes, followed by a de-watering process, such as filtration. The filter cake was re-dis- 
persed into 4 liters of water at about 75°C to 80°C and the solid was collected and placed into a 75°C to 80°C oven 
to dry followed by particle size reduction. The filter cake also can be freeze-dried. The dried material had a d001 spacing 
of 24 A as measured by X-ray diffraction and was coded as OD3M-PGW. 
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Example 1B 

[0070] 100 grams of Na-montmorillonite clay (PGW) commercially available from Nanocor, Inc. (Arlington Heights, 
IL) was dispersed in 3 liters of de-ionized water by mechanical paddle mixer or colloidal mill. The clay dispersion was 

5 heated to about 75°C to 80°C. A solution of 67.2 g of Q182 in 1 liter of de-ionized water was introduced to the clay 
dispersion followed by vigorous mixing. The mixture was maintained at 75°C to 80°C for about 30 minutes, followed 
by a de-watering process, such as filtration. The filter cake was re-dispersed into 4 liters of 75°C to 80°C water and 
the solid was collected and placed into a 75°C to 80°C oven to dry followed by particle size reduction. The filter cake 
also can be freeze-dried. The dried material had a d001 spacing of 19 A as measured by X-ray diffraction and was 

10 coded as T50-PGW. 

Example 2 

[0071] This example illustrates the intercalation of epoxy resins, and anhydride curing agents into the quaternary 

15 onium ion-intercalated clay galleries. 

[0072] 5 grams of each of the onium ion-intercalated clays (OD3M-PGW, T50-PGW) were mixed separately with 45 
grams of epoxy resin, DER331 at 75°C. The clay-epoxy dispersions were very stable at both 75°C and room temper- 
ature. 5 grams of the onium ion-intercalated clays was mixed with 45 grams of the anhydride curing agents, nadic 
methyl anhydride (NMA), hexahydrophalic anhydride (ECA-100) and (NMA) at room temperature. The clay-anhydride 

20 dispersions were stable after mixing, and had slight settle-down at extended storage time. However, the settle-down 
could be mixed well by gentle mixing before use. The resin-clay mixtures were each placed on a microscopic glass 
slide to measure X-ray diffraction patterns. The d001 spacing of each the intercalated clays in the resins are listed in 
Table 1. 

25 Comparative Example 1 

[0073] 5 grams of the non-onium ion-intercalated (PGW) clay was mixed with 45 grams of epoxy resin, DER331 at 
75°C. The clay-epoxy dispersion was very stable at both 75°C and room temperature. 5 grams of the onium ion- 
intercalated clays of Example 1 (ODA- and Q182-intercalated) were mixed with 45 grams of the anhydride curing 
30 agents, nadic methyl anhydride (NMA), hexahydrophalic anhydride (ECA-100) and (NMA) at room temperature. The 
clay-anhydride dispersions were stable after mixing, and had slight settle-down at extended storage time. However, 
the settle-down could be mixed well by gentle mixing before use. The resin-clay mixtures were placed on a microscopic 
glass slide to measure X-ray diffraction patterns. The d001 spacings of the intercalated clays in the resins are listed 
in Table 1. 

35 

TABLE 1 



d 001 results of the treated clays dispersed in DER331, ECA 100, and NMA 


Examples 


Clays 


d 00 i (A) Clay 


dooi (A) in DER331 


d 001 (A)inECA100 


d 001 (A) in NMA 


1 


OD3M-PGW 


24 


37 


34 


36 


1 


T50-PGW 


19 


34 


33 


35 














Comparative 1 


PGW 


13 


13 


13 


13 


Comparative 2 


ODA-PGW 


22 


36 


35 


36 


Comparative 3 


Q182-PGW 


25 


38 


33 


35 



Comparative Example 2 



[0074] 100 grams of Na-montmorillonite clay (PGW) commercially available from Nanocor, Inc. (Arlington Heights, 
IL) was dispersed in 3 liters of de-ionized water by mechanical paddle mixer or colloidal mill. The clay dispersion was 
heated to about 75°C to 80°C. 37.8 grams of octadecyl-amine, available from Akzo Nobel, was mixed with 70 ml, 2 N 
HCI in 1 liter 75°C to 80°C de-ionized water. The amine-HCI solution was introduced to the clay dispersion, followed 
by vigorous mixing. The mixture was maintained at 75°C to 80°C for about 30 minutes, followed by a de-watering 
process, such as filtration. The filter cake was re-dispersed into 4 liters of 75°C to 80°C water and the solid was collected 
and placed into a 75°C to 80°C oven to dry followed by particle size reduction. The filter cake also can be freeze-dried. 
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The dried material has a d001 spacing of 22 A as measured by X-ray diffraction and was coded as ODA-PGW. 
[0075] 5 grams of the ODA-PGW intercalated clay was mixed with 45 grams of epoxy resin, DER331 at 75°C. The 
clay-epoxy dispersions were very stable at both 75 °C and room temperature. 5 grams of the onium ion-intercalated 
clay was mixed with 45 grams of each of the anhydride curing agents, nadic methyl anhydride (NMA), hexahydrophalic 
5 anhydride (ECA-100) and (NMA) at room temperature. The clay-anhydride dispersions were stable after mixing, and 
had slight settle-down at extended storage time. However, the settle-down could be mixed well by gentle mixing before 
use. The resin-clay mixtures each were placed on a microscopic glass slide to measure X-ray diffraction patterns. The 
d001 spacings of the intercalated clays in the resins are listed in Table 1 . 

10 Comparative Example 3 

[0076] 100 grams of Na-montmorillonite clay (PGW) commercially available from Nanocor, Inc. (Arlington Heights, 
IL) was dispersed in 3 liters of de-ionized water by mechanical paddle mixer of colloidal mill. The clay dispersion was 
heated to about 75°C to 80°C. 114.2 grams of octadecyl methyl bis-hydroxylethyl ammonium chloride (Q182, 50% 

*5 solution), available from Tomah Products, was mixed with 1 liter of 75°C to 80°C de-ionized water. The Q182 solution 
was introduced to the clay dispersion followed by vigorous mixing. The mixture was maintained at about 75°C to 80°C 
for about 30 minutes, followed by a de-watering process, such as filtration. The filter cake was re-dispersed into 4 liters 
of 75°C to 80°C water and the solids were collected and placed into a 75°C to 80°C oven to dry followed by particle 
size reduction. The filter cake also can be freeze-dried. The dried material has a d001 spacing of 25 A as measured 

20 by X-ray diffraction and was coded as Q182-PGW. 

[0077] 5 grams of the Q182-PGW clay was mixed with 45 grams of epoxy resin, DER331 at 75°C. The clay-epoxy 
dispersions were very stable at both 75 °C and room temperature. 5 grams of the onium ion-intercalated clays were 
mixed with 45 grams of each of the anhydride curing agents, nadic methyl anhydride (NMA), hexahydrophalic anhydride 
(ECA-100) and (NMA) at room temperature. The clay-anhydride dispersions were stable after mixing, and had slight 

25 settle-down at extended storage time. However, the settle-down could be mixed well by gentle mixing before use. The 
resin-clay mixtures each were placed on a microscopic glass slide to measure X-ray diffraction patterns. The d001 
spacings of the intercalated clays in the resins are listed in Table 1 . 

Examples 3 and 4 and Comparative Examples 4-6 

30 ■ --— — - - 

[0078] These examples demonstrate the formation of epoxy-anhydride-clay nanocomposites and their superior me- 
chanical and thermal properties. 

The preparation of unfilled cured resin matrix DER331 

35 

[0079] 1 00 grams of DER331 epoxy resin was mixed with 84 grams of ECA1 00 at 75°C. 1 .5 grams of curing accel- 
erator AP-6E (Dixie Chemicals) (benzyl trimethyl ammonium chloride solution) was added to the mixture. The mixture 
was then degassed and poured into an aluminum mold, which was coated with a mold releasing agent. The mixture 
was cured at 100°C for 1 hour, followed by an additional 4 hours at 160°C. 

40 

Preparation of DER331-ECA100-Clay nanocomposite with the onium ion-intercalated clays (OP3M-PGW, and 
T50-PGW) of Example 1 

[0080] 5 grams of OD3M-PGW (10 phr) was mixed with 50 grams of DER331 at 75°C for several minutes. 42 grams 
45 of ECA 100 curing agent was added to the DER331-clay mixture and mixed thoroughly. 0.75 grams of the accelerator 
AP-6E was added to the mixture. The mixture was degassed and poured into an aluminum mold, which was coated 
with a mold releasing agent. The mixture was cured at 110°C for 1 hour, followed by additional 4 hours at 160°C. 
DER331-ECA100-clay nanocomposites with 10 phr T50-PGW (Example 5), 10 phr Q182-PGW (Comparative Exam- 
ple 4), 10 phr PGW (Comparative Example 5), and 10 phr ODA-PGW (Comparative Example 6) were prepared by 
50 the same method as the OD3M-PGW. Table 2 summarizes observations of the composite samples. 



TABLE 2 



Appearance of the composite samples in Examples 3 and 4 and Comparative Examples 4-6. 


Samples 


Clay 
Treatment 


Appearance 


Neat DER331-ECA100 


N/A 


Light brown, transparent. 
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TABLE 2 (continued) 



Appearance of the composite samples in Examples 3 and 4 and Comparative Examples 4-6. 


Samples 


Clay 
Treatment 


Appearance 


Example 3 


OD3M-PGW 


Light brown, semi-transparent, no visible particles at x200. 


Example 4 


T50-PGW 


Light brown, semi-transparent, no visible particles at x200. 


Comparative Example 4 


Q182-PGW 


Light brown, semi-transparent, no visible particles at x200. 


Comparative Example 5 


PGW 


Phase separated, visible clay particles settle on the bottom of the 
sample. 


Comparative Example 6 


ODA 


No integrity, powdery. 



Dynamic mechanical analysis (DMA) was used to evaluate the mechanical and thermal properties of the matrix and 
composite materials in these examples and comparative examples. The DMA experiments were carried out at 2°C/ 
min. and 1 Hz. The DMA curves plot the storage modulus data at different temperatures. The glass transition temper- 
ature (Tg) was determined by the peak position of the Tan delta (the phase difference between the storage modulus 
and the lost modulus). FIG. 1 is the DMA curves of DER331-ECA 100 matrix and nanocomposite containing 10 phr 
OD3M-PGW. The storage modulus of the composite increases significantly in the testing temperature range. The Tg 
of nanocomposites increases to 140°C from the 120°C Tg of pure matrix polymer. Table 3 lists the storage modulus 
and Tg of the nanocomposites of these examples. 



30 



Storage modulus and glass transition temperatures of the matrix and nanocomposites. 






Modulus -20°C. 
MPa 


Modulus 60°C, 
MPa 


Modulus 120°C, 
MPa 


Tg 

(°C) 


Samples 


Clay Treatment 


Neat 

DER331-ECA100 


N/A 


3.2 


3.0 


0.02 


120 


Example 3 


OD3M-PGW 


3.5 


3.4 


2.6 


140 


Example 4 


T50-PGW 


3.5 


3.4 


2.7 


140 


Comparative 
Example 4 


Q182-PGW 


3.2 


3.0 


1.6 


130 


Comparative 
Example 5 


PGW 


3.3 


2.5 


0.8 


110 


Comparative 
Example 6 


ODA 


failed 


failed 


failed 


failed 



[0081] The composites containing OD3M-PGW and T50-PGW have much better mechanical and thermal properties 
compared with the composites in the comparative examples. The glass transition temperatures of these composites 
were confirmed by using differential scanning colorometry (DSC) or dynamic mechanical analysis (DMA). 



Examples 5 and 6 

[0082] These examples illustrate the different processing methods to prepare the nanocomposites. 
[0083] In Example 5, 50 grams of DER331 epoxy resin was mixed with 42 grams of ECA100 curing agent at room 
temperature. Then 5 grams of OD3M-PGW was mixed with the premixed resin and curing agent. 0.75 grams of AP- 
6E curing accelerator was added to the mixture prior to degassing. The mixture was cured at 110°C for 1 hour, followed 
by an additional 4 hours at 160°C. DMA results of the nanocomposite of Example 5 are nearly identical to the DMA 
results from Example 3. 

[0084] In Example 6, 5 grams of OD3M-PGW was mixed with 42 grams of ECA 1 00 curing agent at room temperature. 
Then, 50 grams of DER331 epoxy resin was introduced to the ECA 100-clay mixture. After being thoroughly mixed, 
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the mixture was added 0.75 grams of AP-6E. The mixture was cured at 110°C for 1 hour, followed by an additional 4 
hours at 160°C. DMA results of the nanocomposite of Example 5 is nearly identical to the DMA results from Examples 
3 and 5. 

5 Examples 7-9 and Comparative Example 7 

[0085] These examples illustrate the feature that intercalated clays of the present invention function as an accelerator 
for the anhydride-epoxy curing reaction. 

[0086] In Comparative Example 7, a mixture of 50 grams of DER331 epoxy resin and 42 grams of ECA 100 curing 
10 agent was evaluated at 110°C for 1 hour, followed by an additional 4 hours at 160°C. No curing occurred during the 
heating time, except slight oxidation of the resin mixture. 

[0087] Examples 7-9 demonstrate that the OD3M-PGW, and T50-PGW clays function as an accelerator in the 
DER331-ECA100 curing reaction. The resin-clay (DER331-ECA100-OD3M-PGW) mixtures were prepared according 
to Examples 3, 5 and 6, but without adding the AP-6E curing accelerator. The mixture was cured at the same conditions 
15 as with the accelerator at 110°C for 1 hour, followed by an additional 4 hours at 160°C. All mixtures were cured very 
well. DMA test results indicate the composites in Examples 7-9 have comparable mechanical and thermal properties 
to those in Examples 3, 5 and 6. DMA curves of Example 3 and Example 7 are shown in FIG. 2. 

Examples 10 and 11 

20 

[0088] These examples demonstrate the superior mechanical and thermal performance of the DER331-NMA resin 
based anhydride-cured epoxy composites. 

[0089] The nanocomposites were prepared by the above-mentioned methods. The nanocomposites with 10 phr 
OD3M-PGW (Example 10) and 10 phr T50-PGW (Example 11) have significantly improved storage modulus and in- 
25 creased glass transition temperature. 

[0090] The following describes a number of alternative embodiments of the invention, but the embodiments are part 
of the description :- 

1. A nanocomposite composition comprising about 0.05 weight percent to about 60 weight percent of a layered 
30 silicate material intercalated with an onium ion spacing agent and about 40 weight percent to about 99.95 weight 

percent of a matrix polymer comprising an anhydride-curable epoxy resin that is not covalently bonded to the 
layered silicate material or to the onium ion spacing agent, wherein the intercalated layered silicate material is 
dispersed uniformly throughout the matrix polymer. 

35 2. A nanocomposite composition in accordance with item 1 , wherein the matrix polymer is co-intercalated into the 

layered silicate material. 

3. A nanocomposite composition in accordance with item 2, wherein the matrix polymer is co-intercalated into the 
layered silicate material while dispersing the layered material throughout the matrix polymer. 

40 

4. A nanocomposite composition in accordance with item 2, wherein the matrix polymer is co-intercalated into the 
layered silicate material prior to dispersing the layered silicate material throughout the matrix polymer. 

5. A nanocomposite material in accordance with item 1, wherein the onium ions include at least one moiety cov- 
45 alently bonded to a positively charged nitrogen atom that has a length of a least six carbon atoms. 

6. A nanocomposite composition in accordance with item 1 formed by contacting a phyllosilicate with intercalant 
onium ions to form an intercalating composition, having a molar ratio of onium ionsrphyllosilicate interlayer ex- 
changeable cations of at least about 0.25:1 to achieve sorption of the onium ions between adjacent spaced layers 

50 of the phyllosilicate to expand the spacing between a predominance of the adjacent phyllosilicate platelets at least 

about 3 A, when measured after sorption of the onium ions, and a second intercalant disposed between adjacent 
spaced layers of the phyllosilicate material to space the adjacent phyllosilicate an additional at least 3 A, said 
second intercalant comprising an anhydride-curable epoxy resin that is not covalently bonded to the layered silicate 
material or to the onium ion spacing agent, wherein the intercalated layered silicate material is uniformly dispersed 

55 throughout the matrix polymer. 

7. A composition in accordance with item 6, wherein the intercalated phyllosilicate is exfoliated into a predominance 
of individual platelets. 



22 



EP 1 038 913 B1 

8. A composition in accordance with Item 6, wherein the molar ratio of intercalant onium ions:phyl!osilicate interlayer 
exchangeable cations is at least 30 mole percent, based on the number of moles of interlayer exchangeable cations 
in the phyllosilicate. 

5 9. A composition in accordance with item 8, wherein the molar ratio of intercalant onium ions:phyllosilicate interlayer 

exchangeable cations is at least 50 mole percent. 

10. A nanocomposite concentrate composition comprising about 10% by weight to about 90% by weight of a 
layered silicate material intercalated with a polymer or oligomer of an anhydride-curable epoxy resin that is not 

10 covalently bonded to the layered silicate material, and about 10 weight percent to about 90 weight percent of a 

matrix polymer comprising an anhydride-curable epoxy resin, wherein the intercalated layered silicate material is 
dispersed uniformly throughout the matrix polymer. 

11. A nanocomposite composition in accordance with item 10, wherein the matrix polymer is intercalated into the 
?5 layered silicate material. 

12. A nanocomposite composition in accordance with item 11, wherein the matrix polymer is intercalated into the 
layered silicate material while dispersing the layered material throughout the matrix polymer. 

20 13. A nanocomposite composition in accordance with item 11, wherein the matrix polymer is intercalated into the 

layered silicate material prior to dispersing the layered silicate material throughout the matrix polymer. 

14. A nanocomposite composition in accordance with item 10, wherein prior to intercalating the layered material 
with the anhydride-curable epoxy resin, the layered silicate material is first intercalated with onium ions that include 

25 at least one moiety covalently bonded to a protonated nitrogen atom that has a length of at least six carbon atoms. 

15. A method of intercalating a phyllosilicate comprising: 

contacting the phyllosilicate with an intercalating composition comprising at least a 0.25:1 molar ratio of onium 
30 ion cations to phyllosilicate interlayer exchangeable cations, to achieve intercalation of, and ion-exchange of 

said onium ion cations with said interlayer cations, between said adjacent phyllosilicate platelets in an amount 
sufficient to space said adjacent phyllosilicate platelets at least about 3 A; and 

co-intercalating the onium ion-intercalated layered silicate material with an anhydride-curable epoxy resin that 
35 is not covalently bonded to the layered silicate material or to the onium ion cations. 

16. The method of item 15, wherein said intercalating composition includes a water carrier comprising about 5% 
to about 50% by weight water, based on the dry weight of said phyllosilicate. 

40 17. The method of item 15, wherein the anhydride-curable epoxy resin is co-intercalated into the layered silicate 

material by co-intercalating an anhydride-curable epoxy resin, or its monomer reactants capable of polymerization 
to form an anhydride-curable epoxy resin. 

18. The method of item 17, wherein the epoxy resin intercalant is included in an intercalating composition in a 
45 concentration of about 10-100% by weight, based on the dry weight of the phyllosilicate. 

19. A method in accordance with item 15, wherein the onium ion-intercalated phyllosilicate is co-intercalated with 
a second intercalant selected from the group consisting of a polymerizable monomer, a polymerizable oligomer, 
a polymer, and a mixture thereof, said second intercalant being an anhydride-curable epoxy resin, or monomer 

50 reactants capable of polymerization to form an anhydride-curable epoxy resin, to further expand the spacing be- 

tween a predominance of the adjacent phyllosilicate platelets at least an additional 3 A; and (c) dispersing the co- 
intercalated layered silicate material throughout the matrix polymer. 

20. A method of manufacturing a composite material in accordance with item 19, wherein the intercalate is dis- 
55 persed throughout said matrix polymer to achieve intercalation of a portion of the matrix polymer between the 

phyllosilicate platelets, in an amount sufficient to space said adjacent phyllosilicate platelets said additional at least 
3 A. 
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21. A method in accordance with item 20, wherein the matrix polymer is co-intercalated into the layered silicate 
materia! prior to dispersing the layered silicate material throughout the matrix polymer. 

22. A method in accordance with item 20, wherein the matrix polymer is co-intercalated into the layered silicate 
5 material while dispersing the layered material throughout the matrix polymer. 

23. A method in accordance with item 20, wherein the onium ions include at least one moiety covalently bonded 
to a protonated nitrogen atom that has a length of at least six carbon atoms. 

io 24. A method in accordance with item 20, further including the step of adding an anhydride curing agent to said 

matrix polymer for intercalating a potion of the anhydride curing agent into the phyllosilicate together with the 
intercalation of the matrix polymer. 

25. A method in accordance with item 24, further including the step of adding a curing accelerator to the matrix 
*5 polymer for intercalation of a portion of the curing accelerator into the phyllosilicate together with the matrix polymer. 

26. A method in accordance with item 20, further including the step of adding an anhydride curing agent to the 
matrix polymer prior to dispersing said onium ion-intercalated phyllosilicate throughout the matrix polymer. 

20 27. A method in accordance with item 20, further including the step of mixing the onium ion-intercalated phyllosil- 

icate with the anhydride-curable epoxy resin and then adding the anhydride curing agent to the mixture. 

28. A method in accordance with item 27, further including the step of adding a curing accelerator to the mixture 
of the onium ion-intercalated phyllosilicate and the epoxy resin. 

25 

29. A method in accordance with item 20, further including the step of adding an anhydride curing agent to the 
onium ion-intercalated phyllosilicate prior to dispersing the intercalate throughout the matrix polymer. 

30. A method in accordance with item 29, further including the step of adding a curing accelerator to the onium 
30 ion-intercalated phyllosilicate prior to dispersing the intercalate throughout the matrix polymer. 

31. The method of item 20, wherein said phyllosilicate is contacted with said intercalant onium ons, said phyllosil- 
icate, and an anhydride-curable epoxy resin, wherein the concentration of the onium ions is in a molar ratio of 
onium ions:phyllosilicate interlayer exchangeable cations of at least 0.25:1. 

35 

32. The method of item 31, wherein said phyllosilicate is contacted with said intercalant onium ions, said phyllo- 
silicate, and an anhydride-curable epoxy resin, wherein the concentration of the onium ions is in a molar ratio of 
onium ions:phyllosilicate interlayer exchangeable cations of at least 0.5:1. 

w 33. The method of item 32, wherein said phyllosilicate is contacted with said intercalant onium ions, said phyllo- 

silicate, and an anhydride-curable epoxy resin, wherein the concentration of the onium ions is in a molar ratio of 
onium ions:phyllosilicate interlayer exchangeable cations of at least 1:1. 

34. A method in accordance with item 19, wherein the molar ratio of onium ions:phyllosilicate interlayer cations of 
45 at least 0.25:1; 

combining the intercalated phyllosilicate with a thermoplastic or thermosetting polymer, and heating the ther- 
moplastic polymer sufficiently to provide for flow of said thermoplastic polymer; and 

50 dispersing said intercalated phyllosilicate throughout said matrix polymer. 

35. A method in accordance with item 34, wherein the intercalating composition includes about 10% to about 200% 
by weight of said anhydride-curable epoxy resin intercalant, based on the dry weight of phyllosilicate contacted 
by said intercalating composition. 

55 

36. A method in accordance with iten 34, wherein the amount of intercalant onium ion spacing/coupling agent 
intercalated into the phyllosilicate material is in a molar ratio of at least 1:1, onium ions: exchangeable cations in 
the interlayer spaces of the phyllosilicate material. 
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37. A method in accordance with item 36, wherein the molar ratio of intercalated onium ion spacing/coupling agent 
to interlayer phyllosilicate cations is from about 1:1 to about 1:5. 

38. A method in accordance with item 34, wherein the weight ratio of the epoxy intercalant to phyllosilicate material, 
5 dry basis, is from about 20 grams of epoxy intercalant per 100 grams of phyllosilicate material to about 200 grams 

of epoxy intercalant per 100 grams of phyllosilicate material. 

39. A method in accordance with item 34, wherein the epoxy oligomer or polymer is intercalated into the phyllo- 
silicate by melting the epoxy oligomer or polymer and dispersing the phyllosilicate throughout the epoxy melt. 

10 

40. A method in accordance with item 39, wherein said dispersing is accomplished in an extruder. 

41 . A method of manufacturing the nanocomposite composition of item 1 comprising intercalating the phyllosilicate 
material with an onium ion spacing agent by contacting the phyllosilicate with onium ions in a molar ratio of onium 

15 ions:phyllosilicate interlayer exchangeable cations of at least 0.25:1 ; 

forming a mixture of the intercalated phyllosilicate material with an anhydride-curable epoxy resin; and 

subjecting the mixture to conditions sufficient to react and polymerize the anhydride-curable epoxy resin with 
20 an anhydride curing agent for the epoxy resin to cure the epoxy resin while in contact with the intercalated 

phyllosilicate and to co-intercalate the epoxy resin between adjacent platelets of the phyllosilicate material, 
wherein the anhydride-curable epoxy resin is combined in amounts such that the resulting composite material 
contains 40% to 99.95% oligomer or polymer and 0.05% to 60% intercalated phyllosilicate. 

25 42. A method in accordance with item 41, wherein the second intercalant is an anhydride-curable epoxy resin, or 

monomer reactants capable of polymerization to form an anhydride-curable epoxy resin. 



Claims 

30 

1. A nanocomposite composition comprising 0.05 weight percent to 60 weight percent of a layered silicate material 
intercalated with a quaternary onium ion spacing agent having the structure 
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R 2 X* K 4 



R 3 



wherein X=N, P, O or S and R lf R 2 , R3 and R 4 , are the same or different, and each represent an epoxy non- 
45 reactive organic radical; and 

40 weight percent to 99.95 weight percent of a matrix polymer comprising an anhydride-cured epoxy resin 
that is not covalently bonded to the layered silicate material or to the onium ion spacing agent, wherein the inter- 
calated layered silicate material is dispersed uniformly throughout the matrix polymer. 

so 2. A nanocomposite composition as claimed in claim 1 , wherein the quaternary onium ions include at least one moiety 
covalently bonded to a positively charged nitrogen atom that has a length of at least six carbon atoms. 

3. A nanocomposite composition as claimed in claim 1 or 2, formed by contacting a phyllosilicate with intercalant 
quaternary onium ions to form an intercalating composition, having a molar ratio of quaternary onium ions: phyl- 
55 losilicate interlayer exchangeable cations of at least 0.25:1 to achieve sorption of the quaternary onium ions be- 

tween adjacent spaced layers of the phyllosilicate to expand the spacing between a predominance of the adjacent 
phyllosilicate platelets at least 3 A, when measured after sorption of the quaternary onium ions, and a second 
intercalant disposed between adjacent spaced layers of the phyllosilicate material to space the adjacent phyllosil- 
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icate an additional at least 3 A, said second intercalant comprising an anhydride-cured epoxy resin that is not 
covalently bonded to the layered silicate material or to the quaternary onium ion spacing agent, wherein the inter- 
calated layered silicate material is uniformly dispersed throughout the matrix polymer. 

5 4. A composition as claimed in claim 3, wherein the intercalated phyllosilicate is exfoliated into a predominance of 
individual platelets. 

5. A composition as claimed in claim 3 or 4, wherein the molar ratio of intercalant quaternary onium ions: phyllosilicate 
interlayer exchangeable cations is at least 30 mole percent, based on the number of moles of interlayer exchange- 

10 able cations in the phyllosilicate. 

6. A composition as claimed in claim 5, wherein the molar ratio of intercalant quaternary onium ions: phyllosilicate 
interlayer exchangeable cations is at least 50 mole percent. 

*5 7. A nanocomposite concentrate composition comprising 10% by weight to 90% by weight of a layered silicate material 
intercalated with a polymer or oligomer of an anhydride-cured epoxy resin that is not covalently bonded to the 
layered silicate material, and 10 weight percent to 90 weight percent of a matrix polymer comprising an anhydride- 
cured epoxy resin, wherein the intercalated layered silicate material is dispersed uniformly throughout the matrix 
polymer. 

20 

8. A nanocomposite composition as claimed in claim 7, wherein prior to intercalating the layered material with the 
anhydride-cured epoxy resin, the layered silicate material is first intercalated with quaternary onium ions that in- 
clude at least one moiety covalently bonded to a protonated nitrogen atom that has a length of at least six carbon 
atoms. 

25 

9. A nanocomposite composition as claimed in any one of the preceding claims, wherein the matrix polymer is co- 
intercalated into the layered silicate material. 

10. A nanocomposite composition as claimed in claim 9, wherein the matrix polymer is co-intercalated into the layered 
30 silicate material while dispersing the layered material throughout the matrix polymer. 

1 1 . A nanocomposite composition as claimed in claim 9, wherein the matrix polymer is co-intercalated into the layered 
silicate materia! prior to dispersing the layered silicate material throughout the matrix polymer. 

35 12. A method of intercalating a phyllosilicate comprising: 



contacting the phyllosilicate with an intercalating composition comprising at least a 0.25:1 molar ratio of qua- 
ternary onium ion cations to phyllosilicate interlayer exchangeable cations, to achieve intercalation of, and 
ion-exchange of said quaternary onium ion cations with said interlayer cations, between said adjacent phyl- 
40 losilicate platelets in an amount sufficient to space said adjacent phyllosilicate platelets at least 3A; and 

co-intercalating the quaternary onium ion-intercalated layered silicate material with an anhydride-curable 
epoxy resin that is not covalently bonded to the layered silicate material or to the quaternary onium ion cations, 
and an anhydride curing agent for the epoxy resin. 

45 13. A method as claimed in claim 12, wherein said intercalating composition includes a water carrier comprising 5% 
to 50% by weight water, based on the dry weight of said phyllosilicate. 

14. A method as claimed in claim 12 or 13, wherein the anhydride-curable epoxy resin is co-intercalated into the 
layered silicate material by co-intercalating an anhydride-curable epoxy resin, or its monomer reactants capable 

50 of polymerization to form an anhydride-curable epoxy resin. 

15. A method as claimed in claim 14, wherein the epoxy resin intercalant is included in an intercalating composition 
in a concentration of 10-100% by weight, based on the dry weight of the phyllosilicate. 

55 16. A method of making a composition as claimed in any one of claims 1 to 11, wherein the quaternary onium ion- 
intercalated phyllosilicate as claimed in any one of claims 12 to 15, is co-intercalated with a second intercalant 
selected from the group consisting of a polymerizable monomer, a polymerizable oligomer, a polymer, and a mixture 
thereof, said second intercalant being an anhydride curring agent and an anhydride-curable epoxy resin, or mon- 
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omer reactants capable of polymerization to form an anhydride-curable epoxy resin, to further expand the spacing 
between a predominance of the adjacent phyllosilicate platelets at least an additional 3A and dispersing the co- 
intercalated layered silicate material throughout the matrix polymer. 

5 17. A method as claimed in claim 16, wherein the intercalate is dispersed throughout said matrix polymer to achieve 
intercalation of a portion of the matrix polymer between the phyllosilicate platelets, in an amount sufficient to space 
said adjacent phyllosilicate platelets said additional at least 3A. 

18. A method as claimed in claim 16 or 17, wherein the quaternary onium ions include at least one moiety covalently 
10 bonded to a nitrogen atom that has a length of at least six carbon atoms. 

19. A method as claimed in anyone of claims 12 to 18, further including the step of adding a curing accelerator to the 
anhydride-curable epoxy resin for intercalation of a portion of the curing accelerator into the phyllosilicate together 
with the anhydride-curable epoxy resin. 

15 

20. A method as claimed in any one of claims 12 to 19, wherein the matrix polymer is an anhydride-curable epoxy 
resin, and further including the step of adding an anhydride curing agent to the matrix polymer prior to dispersing 
said quaternary onium ion-intercalated phyllosilicate throughout the matrix polymer. 

20 21. A method as claimed in any one of claims 12 to 20, further including the step of mixing the quaternary onium ion- 
intercalated phyllosilicate with the anhydride-curable epoxy resin and then adding the anhydride curing agent to 
the mixture. 

22. A method as claimed in claim 21, further including the step of adding a curing accelerator to the mixture of the 
25 quaternary onium ion-intercalated phyllosilicate and the epoxy resin. 

23. A method as claimed in any one of claims 12 to 22, further including the step of adding an anhydride curing agent 
to the quaternary onium ion-intercalated phyllosilicate prior to dispersing the intercalate throughout the anhydride- 
curable epoxy resin. 

30 

24. A method as claimed in claim 23, further including the step of adding a curing accelerator to the quaternary onium 
ion-intercalated phyllosilicate prior to dispersing the intercalate throughout the anhydride-curable epoxy resin. 

25. A method as claimed in any one of claims 16 to 24, wherein said phyllosilicate is contacted with said intercalant 
35 quaternary onium ions, and an anhydride-curable epoxy resin, wherein the concentration of the quaternary onium 

ions is in a molar ratio of quaternary onium ions: phyllosilicate interlayer exchangeable cations of at least 0.25:1. 

26. A method as claimed in claim 25, wherein said phyllosilicate is contacted with said intercalant quaternary onium 
ions, and an anhydride-curable epoxy resin, wherein the concentration of the quaternary onium ions is in a molar 

40 ratio of quaternary onium ions: phyllosilicate interlayer exchangeable cations of at least 0.5:1. 

27. A method as claimed in claim 26, wherein said phyllosilicate is contacted with said intercalant quaternary onium 
ions, and an anhydride-curable epoxy resin, and an anhydride curing agent wherein the concentration of the qua- 
ternary onium ions is in a molar ratio of quaternary onium ions: phyllosilicate interlayer exchangeable cations of 

45 at least 1:1. 

28. A method as claimed in any one of claims 1 6 to 27, wherein the molar ratio of quaternary onium ions: phyllosilicate 
interlayer cations of at least 0.25:1; 

so combining the intercalated phyllosilicate with an intercalating composition comprising a thermoplastic or ther- 

mosetting polymer, and heating the thermoplastic polymer sufficiently to provide for flow of said thermoplastic 
polymer; and 

dispersing said intercalated phyllosilicate through an anhydride-curable epoxy matrix polymer. 

55 29. A method as claimed in claim 28, wherein the intercalating composition includes 10% to 200% by weight of said 
anhydride-curable epoxy resin intercalant, based on the dry weight of phyllosilicate contacted by said intercalating 
composition. 
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30. A method as claimed in claim 28 or 29, wherein the amount of intercalant quaternary onium ion spacing/coupling 
agent intercalated into the phyllosilicate material is in a molar ratio of at least 1:1, quaternary onium ions: ex- 
changeable cations in the interlayer spaces of the phyllosilicate material. 

5 31. A method as claimed in claim 30, wherein the molar ratio of intercalated quaternary onium ion spacing/coupling 
agent to interlayer phyllosilicate cations is from 1:1 to 1:5. 

32. A method as claimed in any one of claims 28 to 31 , wherein the weight ratio of the thermoplastic or thermosetting 
polymer intercalant to phyllosilicate material, dry basis, is from 20 grams of epoxy intercalant per 100 grams of 

10 phyllosilicate material to 200 grams of epoxy intercalant per 100 grams of phyllosilicate material. 

33. A method as claimed in any one of claims 28 to 32, wherein the polymer intercalant is an epoxy oligomer or polymer 
intercalated into the phyllosilicate by melting the epoxy oligomer or polymer and dispersing the phyllosilicate 
throughout the epoxy melt. 

15 

34. A method as claimed in claim 33, wherein said dispersing is accomplished in an extruder. 

35. A method of manufacturing the nanocomposite composition as claimed in any one of claims 1 to 6, comprising 
intercalating the phyllosilicate material with a quaternary onium ion spacing agent by contacting the phyllosilicate 

20 with quaternary onium ions in a molar ratio of quaternary onium ions: phyllosilicate interlayer exchangeable cations 

of at least 0.25:1; 

forming a mixture of the intercalated phyllosilicate material with an anhydride curing agent and an anhydride- 
curable epoxy resin second intercalant; and 
25 subjecting the mixture to conditions sufficient to react and polymerize the anhydride-curable epoxy resin with 

an anhydride curing agent for the epoxy resin to cure the epoxy resin while in contact with the intercalated 
phyllosilicate and to co-intercalate the epoxy resin between adjacent platelets of the phyllosilicate material, 
wherein the anhydride-curable epoxy resin is combined in amounts such that the resulting composite material 
contains 40% to 99.95% epoxy oligomer or polymer and 0.05% to 60% intercalated phyllosilicate. 

30 

36. A method as claimed in claim 35, wherein the second intercalant is an anhydride-curable epoxy resin, or monomer 
reactants capable of polymerization to form an anhydride-curable epoxy resin. 



35 Patentanspriiche 
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Nanocomposite-Zusammensetzung umfassend 0,05 Gew.-% bis 60 Gew-% eines geschichteten Silikatmaterials, 
das mit einem quartaren Oniumionen-Abstandsmittel interkaliert ist, die die Struktur 

Ri 

I 

R 2 — X + — R4 
I 



aufweist, worin X = N, P, O oder S und R 1t R 2 , R 3 und R 4 gleich oder unterschiedlich sind und jedes ein nicht- 
reaktives organisches Epoxidradikal darstellt; und 
50 40 Gew.-% bis 99,95 Gew.-% eines Matrixpolymers, umfassend ein Anhydrid-gehartetes Epoxidharz, das nicht 

kovalent an das geschichtete Silikatmaterial oder an das Oniumionen-Abstandsmittel gebunden ist, worin das 
interkalierte geschichtete Silikatmaterial gleichmaRig durch das gesamte Matrixpolymer hindurch dispergiert ist. 

2. Nanocomposite-Zusammensetzung nach Anspruch 1, worin die quartaren Oniumionen mindestens eine an ein 
55 positiv geladenes Stickstoffatom kovalent gebundene Komponente einschlieden, die eine Lange von mindestens 

sechs Kohlenstoffatomen aufweist. 

3. Nanocomposite-Zusammensetzung nach Anspruch 1 oder 2, die wie folgt gebildet wird: durch Kontaktieren eines 
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Phyllosilikats mit einem Interkalationsmittel aus quartaren Oniumionen zur Bildung einer Interkalationszusammen- 
setzung, die ein Molverhaltnis von quartaren Oniumionen : austauschbaren Kationen in der Phyllosilikat-Zwischen- 
schichtvon mindestens 0,25 : 1 zum Erreichen einer Sorption der quartaren Oniumionen zwischen benachbarten, 
mit Abstand angeordneten Schichten des Phyllosilikats zum Expandieren des Abstands zwischen einer Uberzahl 

5 der benachbarten Phyllosilikat-Blattchen urn mindestens 3 A, wenn nach der Sorption der quartaren Oniumionen 

gemessen, und einem zweiten Interkalationsmittel, das zwischen benachbarten mit Abstand angeordneten Schich- 
ten des Phyllosilikatmaterials abgelagert ist, urn das benachbarte Phyllosilikat mit einem zusatzlichen Abstand 
von mindestens 3 A anzuordnen, wobei genanntes zweites Interkalationsmittel ein Anydrid-gehartetes Expoxid- 
harz umfasst, das nicht kovalent an das geschichtete Silikatmaterial Oder an das Abstandsmittel aus quartaren 

*o Oniumionen gebunden ist, worin das interkalierte geschichtete Silikatmaterial gleichmaBig durch das gesamte 

Matrixpolymer dispergiert ist. 

4. Zusammensetzung nach Anspruch 3, worin das interkalierte Phyllosilikat in eine Uberzahl individueller Blattchen 
exfoliert ist. 

15 

5. Zusammensetzung nach Anspruch 3 Oder 4, worin das Molverhaltnis des Interkalationsmittels aus quartaren 
Oniumionen : austauschbaren Kationen in der Phyllosilikat-Zwischenschicht bezogen auf die Anzahl von Molen 
austauschbarer Kationen im Phyllosilikat in der Zwischenschicht mindestens 30 Mol-% betragt. 

20 6. Zusammensetzung nach Anspruch 5, worin das Molverhaltnis des Interkalationsmittels aus quartaren 
Oniumionen : austauschbaren Kationen in der Phyllosilikat-Zwischenschicht mindestens 50 Mol-% betragt. 

7. Nanocomposite-Konzentratzusammensetzung umfassend 1 0 Gew.-% bis 90 Gew.-% eines geschichteten Silikat- 
materials, das mit einem Polymer oder Oligomer eines Anhydrid-geharteten Epoxidharzes, das nicht kovalent an 

25 das geschichtete Silikatmaterial gebunden ist, interkaliert ist, und 1 0 Gew.-% bis 90 Gew.-% eines Matrix polymers 

umfassend ein Anydrid-gehartetes Epoxidharz, worin das interkalierte geschichtete Silikatmaterial gleichmaBig 
durch das gesamte Matrixpolymer hindurch dispergiert ist. 

8. Nanocomposite-Zusammensetzung nach Anspruch 7, worin vor dem Interkalieren des geschichteten Materials 
30 mit dem Anhydrid-geharteten Epoxidharz das geschichtete Silikatmaterial zuerst mit quartaren Oniumionen inter- 
kaliert wird, die mindestens eine kovalent an ein protoniertes Stickstoffatom gebundene Komponente einschliefit, 
die eine Lange von mindestens sechs Kohlenstoffatomen aufweist. 

9. Nanocomposite-Zusammensetzung nach einem der vorangehenden Anspruche, worin das Matrixpolymer mit in 
35 das geschichtete Silikatmaterial interkaliert ist. 

10. Nanocomposite-Zusammensetzung nach Anspruch 9, worin das Matrixpolymer mit in das geschichtete Silikatma- 
terial interkaliert wird, wahrend das geschichtete Material durch das gesamte Matrixpolymer hindurch dispergiert 
wird. 

40 

11. Nanocomposite-Zusammensetzung nach Anspruch 9, worin das Matrixpolymer vor dem Dispergieren des ge- 
schichteten Silikatmaterials durch das gesamte Matrixpolymer hindurch mit in das geschichtete Silikatmaterial 
interkaliert wird. 

45 12. Verfahren zum Interkalieren eines Phyllosilikats umfassend: 

Kontaktieren des Phyllosilikats mit einer Interkalationszusammensetzung umfassend mindestens ein Molver- 
haltnis von 0,25 : 1 der quartaren Oniumion-Kationen zu austauschbaren Kationen in der Phyllosilikat-Zwi- 
schenschicht zum Erreichen der Interkalation von und lonenaustausch von genannten quartaren Oniumion- 
50 Kationen mit genannten Zwischenschichtkationen zwischen genannten benachbarten Phyllosilikat-Blattchen 

in einer ausreichenden Menge, urn genannte benachbarte Phyllosilikat-Blattchen mit einem Abstand von min- 
destens 3 A anzuordnen; und 

das miteinander Interkalieren des quartaren Oniumion-interkalierten geschichteten Silikatmaterials mit einem 
55 Anhydrid-hartbaren Epoxidharz, das nicht kovalent an das geschichtete Silikatmaterial oder an die quartaren 

Oniumion-Kationen gebunden ist und ein Anhydrid-Hartungsmittel fur das Expoxidharz. 

1 3. Verfahren nach Anspruch 1 2, worin die genannte Interkalationszusammensetzung einen Wassertrager, umfassend 
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5 Gew.-% bis 50 Gew.-% Wasser bezogen auf das Trockengewicht von genanntem Phyliosilikat einschlielit. 

14. Verfahren nach Anspruch 12 oder 1 3, worin das Anhydrid-hartbare Expoxtdharz in das geschichtete Silikatmaterial 
durch miteinander Interkalieren eines Anhydrid-hartbaren Epoxidharzes miteinander interkaliert ist, oder seine 

5 Monomer-Reaktanten zur Polymerisation zur Bildung eines Anhydrid-hartbaren Epoxidharzes fahig sind. 

15. Verfahren nach Anspruch 14, worin das Epoxidharz-lnterkalationsmittel in eine Interkalationszusammensetzung 
in einer Konzentration von 10 - 100 Gew.-% bezogen auf das Trockengewicht des Phyllosilikats eingeschlossen ist. 

10 16. Verfahren zur Herstellung einer Zusammensetzung nach einem der Anspruche 1 bis 11 , worin das mit quartarem 
Oniumion-interkalierte Phyliosilikat nach einem der Anspruche 12 bis 15 mit einem zweiten Interkatationsmittel, 
das aus der Gruppe ausgewahlt ist, bestehend aus einem polymerisierbaren Monomer, einem polymerisierbaren 
Oligomer, einem Polymer, und Gemischen davon, miteinander interkaliert wird, wobei das zweite Interkalations- 
mittel ein Anydrid-hartendes Mittel und ein Anydrid-hartbares Epoxidharz oder Monomer-Reaktanten darstellt, die 

15 zur Polymerisation zur Bildung eines Anhydrid-hartbaren Epoxidharzes fahig sind, urn den Abstand zwischen einer 

Uberzahl benachbarter Phyllosilikat-Blattchen urn mindestens zusatzliche 3 A weiter zu expandieren und das mit- 
einander interkalierte geschichtete Silikatmaterial durch das gesamte Matrixpolymer hindurch zu dispergieren. 

17. Verfahren nach Anspruch 16, worin das Interkalat durch genanntes Matrixpolymer hindurch zum Erreichen einer 
20 Interkalation eines Anteils des Matrixpolymers zwischen den Phyllosilikat-Blattchen in einer Menge dispergiert 

wird, die ausreicht, urn genannte benachbarte Phyllosilikat-Blattchen mit einem Abstand von genannten zusatzlich 
mindestens 3 A anzuordnen. 

18. Verfahren nach Anspruch 16 oder 17, worin die quartaren Oniumionen mindestens eine kovalent an ein Stick- 
25 stoffatom gebundene Komponente einschlielien, die eine Lange von mindestens sechs Kohlenstoffatomen auf- 

weist. 

19. Verfahren nach einem der Anspruche 12 bis 18, das weiter den Schritt des Zufugens eines Hartungsbeschleunigers 
zum Anhydrid-hartbaren Epoxidharz zur Interkalation eines Anteils des Hartungsbeschleunigers in das Phyliosilikat 

30 zusammen mit dem Anhydrid-hartbaren Epoxidharz einschlielit. 

20. Verfahren nach einem der Anspruche 12 bis 19, worin das Matrixpolymer ein Anydrid-hartbares Epoxidharz dar- 
stellt und weiter den Schritt des Zufugens eines Anhydrid-Hartungsmittels zum Matrixpolymer vor dem Dispergie- 
ren des genannten quartaren Oniumion-interkalierten Phyllosilikats durch das gesamte Matrixpolymer hindurch 

35 einschlielit. 

21. Verfahren nach einem der Anspruche 12 bis 20, das weiter den Schritt des Mischens des quartaren Oniumion- 
interkalierten Phyllosilikats mit dem Anhydrid-hartbaren Epoxidharz und dann Zufugen des Anhydrid-Hartungs- 
mittels zum Gemisch einschlielit. 

40 

22. Verfahren nach Anspruch 21 , das weiter den Schritt des Zufugens eines Hartungsbeschleunigers zum Gemisch 
aus dem quartaren Oniumion-interkalierten Phyliosilikat und dem Epoxidharz einschlielit. 

23. Verfahren nach einem der Anspruche 12 bis 22, das weiter den Schritt des Zufugens eines Anhydrid-Hartungs- 
45 mittels zum quartaren Oniumion-interkalierten Phyliosilikat vor dem Dispergieren des Interkalats durch das ge- 
samte Anhydrid-hartbare Epoxidharz hindurch einschlielit. 

24. Verfahren nach Anspruch 23, das weiter den Schritt des Zufugens eines Hartungsbeschleunigers zum quartaren 
Oniumion-interkalierten Phyliosilikat vor dem Dispergieren des Interkalats durch das gesamte Anhydrid-hartbare 

50 Epoxidharz hindurch einschlielit. 

25. Verfahren nach einem der Anspruche 16 bis 24, worin genanntes Phyliosilikat mit genanntem Interkalationsmittel 
aus quartaren Oniumionen und einem Anhydrid-hartbaren Epoxidharz kontaktiert wird, worin die Konzentration 
der quartaren Oniumionen in einem Molverhaltnis von quartaren Oniumionen : austauschbaren Kationen in der 

55 Phyllosilikat-Zwischenschicht von mindestens 0,25 : 1 betragt. 

26. Verfahren nach Anspruch 25, worin genanntes Phyliosilikat mit genanntem Interkalationsmittel aus quartaren Oni- 
umionen und einem Anhydrid-hartbaren Epoxidharz kontaktiert wird, worin die Konzentration der quartaren Oni- 
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umionen in einem Molverhaltnis von quartaren Oniumionen : austauschbaren Kationen in der Phyllosilikat-Zwi- 
schenschicht von mindestens 0,5 : 1 vorliegt. 

27. Verfahren nach Anspruch 26, worin genanntes Phyllosilikat mit genanntem Interkalationsmittel aus quartaren Oni- 
5 umionen und einem Anhydrid-hartbaren Epoxidharz und einem Anhydrid-Hartungsmittel kontaktiert wird, worin 

die Konzentration der quartaren Oniumionen in einem Molverhaltnis von quartaren Oniumionen: austauschbaren 
Kationen in der Phyllosilikat-Zwischenschicht von mindestens 1 : 1 vorliegt 

28. Verfahren nach einem der Anspruche 16 bis 27, worin das Molverhaltnis der quartaren Oniumionen : Kationen in 
10 der Phyllosilikat-Zwischenschicht mindestens 0,25 : 1 betragt; 

Kombinieren des interkalierten Phyllosilikats mit einer Interkalationszusammensetzung, umfassend ein thermo- 
plastisches oder duroplastisches Polymer und ausreichendes Erhitzen des thermoplastischen Polymers zur Be- 
reitstellung des FlieBens von genanntem thermoplastischem Polymer; und 

Dispergieren des genannten interkalierten Phyllosilikats durch ein Anhydrid-hartbares Epoxid-Matrixpolymer hin- 
15 durch. 

29. Verfahren nach Anspruch 28, worin die Interkalationszusammensetzung 10 Gew.-% bis 200 Gew.-% von genann- 
tem Interkalationsmittel aus Anydrid-hartbarem Epoxidharz bezogen auf das Trockengewicht von Phyllosilikat, 
das durch genannte Interkalationszusammensetzung kontaktiert wird, einschlielit. 

20 

30. Verfahren nach Anspruch 28 oder 29, worin die Menge des Abstandsmittels/Haftvermittlers fur die quartaren Oni- 
umionen im Interkalationsmittel, das in das Phyllosilikatmaterial interkaliert ist, in einem Molverhaltnis von minde- 
stens 1:1, quartaren Oniumionen : austauschbaren Kationen in den Zwischenschichtabstanden des Phyllosili- 
katmaterials liegt. 

25 

31 . Verfahren nach Anspruch 30, worin das Molverhaltnis von Abstandsmittel/Haftvermittler fur die interkalierten quar- 
taren Oniumionen zu Phyllosilikatkationen in der Zwischenschicht von 1 : 1 bis 1 : 5 betragt. 

32. Verfahren nach einem der Anspruche 28 bis 31, worin das Gewichtsverhaltnis des Interkalationsmittels aus ther- 
30 moplastischem oder duroplastischem Polymer zu Phyllosilikatmaterial, Trockenbasis, von 20 g Epoxid-lnterkala- 

tionsmittel pro 100 g Phyllosilikatmaterial zu 200 g Epoxid-lnterkalationsmittel pro 100 g Phyllosilikatmaterial be- 
tragt. 

33. Verfahren nach einem der Anspruche 28 bis 32, worin das Polymer-lnterkalationsmittel ein Epoxid-Oligomer oder 
35 -Polymer darstellt, das durch Schmelzen des Epoxid-Oligomers oder -Polymers und Dispergieren des Phyllosili- 
kats durch die gesamte Epoxid-Schmelze hindurch interkaliert wird. 

34. Verfahren nach Anspruch 33, worin genanntes Dispergieren in einem Extruder erreicht wird. 

^o 35. Verfahren zur Herstellung der Nanocomposite-Zusammensetzung nach einem der Anspruche 1 bis 6, umfassend 
das Interkalieren des Phyllosilikatmaterials mit einem Abstandsmittel aus quartaren Oniumionen durch Kontaktie- 
ren des Phyllosilikats mit quartaren Oniumionen in einem Molverhaltnis von quartaren Oniumionen : austausch- 
baren Kationen in der Phyllosilikat-Zwischenschicht von mindestens 0,25 : 1; 

Bilden eines Gemischs aus dem interkalierten Phyllosilikatmaterial mit einem Anhydrid-Hartungsmittel und einem 

45 Anhydrid-hartbaren zweiten Interkalationsmittel aus Epoxidharz; und 

Aussetzen des Gemischs gegenuber Bedingungen, die zur Reaktion und Polymerisation des Anhydrid-hartbaren 
Epoxidharzes mit einem Anhydrid-Hartungsmittel fur das Epoxidharz zum Harten des Epoxidharzes, wahrend es 
sich in Kontakt mit dem interkalierten Phyllosilikat befindet und zum miteinander Interkalieren des Epoxidharzes 
zwischen benachbarten Blattchen des Phyllosilikatmaterials, worin das Anhydrid-hartbare Epoxidharz in Mengen 

so dergestalt kombiniert wird, dass das resultierende Verbundmaterial 40 % bis 99,95 % Epoxid-Oligomer oder -Po- 

lymer und 0,05 % bis 60 % interkaliertes Phyllosilikat enthalt, ausreichend sind. 

36. Verfahren nach Anspruch 35, worin das zweite Interkalationsmittel ein Anhydrid-hartbares Epoxidharz oder Mo- 
nomer-Reaktanten, die zur Polymerisation zur Bildung eines Anhydrid-hartbaren Epoxidharzes fahig sind, darstellt. 

55 
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Revendications 



15 



Composition nanocomposite comprenant de 0,05 pourcent en poids a 60 pourcent en poids d'un materiau de 
silicate stratifie intercale avec un agent d'espacement des ions d'onium quaternaire ayant la staicture : 



'« R* X* 



dans laquelle X = N, P, O ou S et R v R 2 , R 3 et R 4 sont les memes ou differents, et chacun represente un 
radical organique epoxy non reactif ; et 

de 40 pourcent en poids a 99,95 pourcent en poids d'un polymere de matrice comprenant une resine epoxy 
traitee a I'anhydride qui n'est pas liee de maniere covalente au materiau de silicate stratifie ou a I'agent d'espace- 
20 ment des ions d'onium, dans laquelle le materiau de silicate stratifie intercale est disperse uniformement dans le 

polymere de matrice. 

2. Composition nanocomposite selon la revendication 1 , dans laquelle les ions d'onium quaternaire comprennent au 
moins un fragment lie de maniere covalente a un atome d'azote charge positivement ayant une longueur d'au 
25 moins six atomes de carbone. 



3. Composition nanocomposite selon la revendication 1 ou 2, formee en mettant en contact un phyllosilicate avec 
des ions d'onium quaternaire intercalants pour former une composition intercalante, ayant un rapport molaire ions 
d'onium quaternaire / cations echangeables de I'intercouche de phyllosilicate d'au moins 0,25 / 1 pour obtenir la 

30 sorption des ions d'onium quaternaire entre les couches espacees adjacentes du phyllosilicate pour agrandir I'es- 

pace entre une predominance des lamelles de phyllosilicate adjacentes a au moins 3 A, mesure apres la sorption 
des ions d'onium quaternaire, et un second agent intercalant place entre les couches espac§es adjacentes du 
materiau de phyllosilicate pour espacer le phyllosilicate adjacent d'au moins 3 A supplementaires, ledit second 
agent intercalant comprenant une resine epoxy traitee a I'anhydride qui n'est pas liee de maniere covalente au 

35 materiau de silicate stratifie ou a I'agent d'espacement des ions d'onium quaternaire, dans laquelle le materiau de 

silicate stratifie intercale est uniformement disperse dans le polymere de matrice. 

4. Composition selon la revendication 3, dans laquelle le phyllosilicate intercale est exfolie en une predominance de 
lamelles individuelles. 

40 

5. Composition selon la revendication 3 ou 4, dans laquelle le rapport molaire ions d'onium quaternaire intercalants 
/ cations echangeables de i'intercouche de phyllosilicate est au moins de 30 pourcent en mole, sur la base du 
nombre de moles des cations echangeables de I'intercouche dans le phyllosilicate. 

45 6. Composition selon la revendication 5, dans laquelle le rapport molaire ions d'onium quaternaire intercalants / 
cations echangeables de I'intercouche de phyllosilicate est au moins de 50 pourcent en mole. 



7. Composition de concentre nanocomposite comprenant de 1 0 % en poids a 90 % en poids d'un materiau de silicate 
stratifie intercale avec un polymere ou un oligomere d'une resine epoxy traitee a I'anhydride qui n'est pas liee de 

50 maniere covalente au materiau de silicate stratifie, et de 1 0 pourcent en poids a 90 pourcent en poids d'un polymere 

de matrice comprenant une resine epoxy traitee a I'anhydride, dans laquelle le materiau de silicate stratifie intercale 
est disperse uniformement dans le polymere de la matrice. 

8. Composition nanocomposite selon la revendication 7, dans laquelle avant d'intercaler le materiau stratifie avec la 
55 resine epoxy traitee a I'anhydride, ie materiau de silicate stratifie est tout d'abord intercale des ions d'onium qua- 
ternaire qui comprennent au moins un fragment lie de maniere covalente a un atome d'azote comportant un proton 
ayant une longueur d'au moins six atomes de carbone. 
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9. Composition nanocomposite selon Tune quelconque des revendications precedentes, dans laquelle le poiymere 
de matrice est co-intercale dans le materiau de silicate stratifie. 

10. Composition nanocomposite selon la revendication 9, dans laquelle le poiymere de matrice est co-intercale dans 
5 ie materiau de silicate stratifie lorsqu'on disperse le materiau stratifie dans le poiymere de matrice. 

11. Composition nanocomposite selon la revendication 9, dans laquelle le poiymere de matrice est co-intercale dans 
le materiau de silicate stratifie avant qu'on disperse le materiau de silicate stratifie dans le poiymere de matrice. 

10 12. Precede pour intercaler un phyllosilicate comprenant : 

la mise en contact du phyllosilicate avec une composition intercalante comprenant un rapport molaire de 0,25 
/ 1 des cations d'ion d'onium quaternaire aux cations echangeables de I'intercouche de phyllosilicate, pour 
obtenir intercalation de, et I'echange ionique desdits cations d'ion d'onium quaternaire avec lesdits cations 
15 de I'intercouche, entre lesdites lamelles adjacentes de phyllosilicate en une quantite suffisante pour espacer 

lesdites lamelles adjacentes de phyllosilicate d'au moins 3 A ; et 

la co-intercalation du materiau de silicate stratifie intercale avec les ions d'onium quaternaire avec une resine 
epoxy pouvant etre traitee a I'anhydride n'etant pas liee de maniere covalente au materiau de silicate stratifie 
ou aux cations d'ions d'onium quaternaire, et un agent de traitement a I'anhydride de la resine epoxy. 

20 

13. Procede selon la revendication 12, dans lequel ladite composition intercalante comprend un transporter d'eau 
comprenant de 5 % a 50 % en poids d'eau, sur la base du poids sec dudit phyllosilicate. 

14. Procede selon la revendication 12 ou 13, dans lequel la resine epoxy pouvant etre traitee a I'anhydride est co- 
25 intercalee dans le materiau de silicate stratifie en co-intercalant une resine epoxy pouvant etre traitee a I'anhydride, 

ou ses reactifs monomeres capables de polymerisation pour former une resine epoxy pouvant etre traitee a I'an- 
hydride. 

15. Procede selon la revendication 14, dans lequel I'agent intercalant de la resine epoxy est compris dans une com- 
30 position intercalante en une concentration de 10 a 100 % en poids, sur la base du poids sec du phyllosilicate. 

16. Procede de fabrication d'une composition selon I'une quelconque des revendications 1 a 11, dans lequel le phyl- 
losilicate intercale avec les ions d'onium quaternaire selon I'une quelconque des revendications 12 a 15 est co- 
intercale avec un second agent intercalant selectionne dans le groupe constitue d'un monomere polymerisable, 

35 un oligomere polymerisable, un poiymere et un melange de ceux-ci, ledit second agent intercalant etant un agent 

de traitement a I'anhydride et une resine epoxy pouvant etre traitee a I'anhydride ou des reactifs monomeres 
capables de polymerisation pour former une resine epoxy pouvant etre traitee a I'anhydride, pour agrandir de 
maniere supplemental I'espace entre une predominance des lamelles de phyllosilicate adjacentes d'au moins 
3 A supplementaires et disperser le materiau de silicate stratifie co-intercale dans le poiymere de matrice. 

40 

17. Procede selon la revendication 16, dans lequel ('intercalate est disperse dans ledit poiymere de matrice pour 
obtenir 1'intercalation d'une partie du poiymere de matrice entre les lamelles de phyllosilicate, en une quantite 
suffisante pour espacer lesdites lamelles de phyllosilicate adjacentes desdits au moins 3 A supplementaires. 

45 18. Procede selon la revendication 16 ou 17, dans lequel les ions d'onium quaternaire comprennent au moins un 
fragment lie de maniere covalente a un atome d'azote ayant une longueur d'au moins six atomes de carbone. 

19. Procede selon I'une quelconque des revendications 12 a 18, comprenant en outre I'etape consistant a ajouter un 
accelerateur de traitement a la resine epoxy pouvant etre traitee a I'anhydride pour I'intercalation d'une partie de 

50 I'accelerateur de traitement dans le phyllosilicate ainsi que dans la resine epoxy pouvant etre traitee a I'anhydride. 

20. Procede selon I'une quelconque des revendications 12 a 19, dans lequel le poiymere de matrice est une resine 
epoxy pouvant etre traitee a I'anhydride et comprenant en outre I'etape consistant a ajouter un agent de traitement 
a I'anhydride au poiymere de matrice avant de disperser ledit phyllosilicate intercale avec les ions d'onium qua- 

55 ternaire dans le poiymere de matrice. 

21. Procede selon I'une quelconque des revendications 12 a 20, comprenant en outre I'etape consistant a melanger 
le phyllosilicate intercale avec les ions d'onium quaternaire avec la resine epoxy pouvant etre traitee a I'anhydride, 
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puis a ajouter I'agent de traitement a ('anhydride au melange. 



22. Precede selon la revendication 21 , comprenant en outre I'etape consistant a ajouter un accelerateur de traitement 
au melange de phyllosilicate intercale avec les ions d'onium quaternaire et de resine epoxy. 

5 

23. Procede selon Tune quelconque des revendications 12 a 22, comprenant en outre I'etape consistant a ajouter un 
agent de traitement a I'anhydride au phyllosilicate intercale avec les ions d'onium quaternaire avant de disperser 
I'intercalaire dans la resine epoxy pouvant etre traitee a I'anhydride. 

10 24. Procede selon la revendication 23, comprenant en outre I'etape consistant a ajouter un accelerateur de traitement 
au phyllosilicate intercale avec les ions d'onium quaternaire avant de disperser I'intercalaire dans la resine epoxy 
pouvant etre traitee a I'anhydride. 

25. Procede selon Tune quelconque des revendications 16 a 24, dans lequel ledit phyllosilicate est mis en contact 
15 avec lesdits ions d'onium quaternaire intercalants, et une resine epoxy pouvant etre traitee a I'anhydride, dans 

lequel la concentration des ions d'onium quaternaire est dans un rapport molaire ions d'onium quaternaire / cations 
echangeables de I'intercouche de phyllosilicate d'au moins 0,25 / 1. 

26. Procede selon la revendication 25, dans lequel ledit phyllosilicate est mis en contact avec les ions d'onium qua- 
20 ternaire intercalants et une resine epoxy pouvant etre traitee a I'anhydride, dans lequel la concentration des ions 

d'onium quaternaire est dans un rapport molaire ions d'onium quaternaire / cations echangeables de I'intercouche 
de phyllosilicate d'au moins 0,5/1. 

27. Procede selon la revendication 26, dans lequel ledit phyllosilicate est mis en contact avec lesdits ions d'onium 
25 quaternaire intercalants et une resine epoxy pouvant etre traitee a I'anhydride et un agent de traitement a I'anhy- 
dride dans lequel la concentration des ions d'onium quaternaire est dans un rapport molaire ions d'onium quater- 
naire / cations echangeables de I'intercouche de phyllosilicate d'au moins 1/1. 

28. Procede selon I'une quelconque des revendications 16 a 27, dans lequel le rapport molaire ions d'onium quater- 
30 naire / cations de I'intercouche de phyllosilicate est d'au moins 0,25 / 1 ; 

combinant le phyllosilicate intercale avec une composition intercalante comprenant un polymere thermo- 
plastique ou thermodurcissable, et chauffant le polymere thermoplsatique suffisamment pour fournir i'ecoulement 
dudit polymere thermoplastique ; et 

dispersant ledit phyllosilicate intercale dans un polymere de matrice epoxy pouvant etre traite a I'anhydride. 

35 

29. Procede selon la revendication 28, dans lequel la composition intercalante comprend de 10 % a 200 % en poids 
dudit intercalant de resine epoxy pouvant etre traitee a I'anhydride, sur la base du poids sec de phyllosilicate avec 
lequel la composition intercalante entre en contact. 

40 30. Procede selon la revendication 28 ou 29, dans lequel la quantite d'agent d'espacement / de couplage des ions 
d'onium quaternaire intercalants dans le materiau de phyllosilicate est dans un rapport molaire d'au moins 1 / 1 , 
ions d'onium quaternaire / cations echangeables dans les espaces de I'intercouche du materiau de phyllosilicate. 

31 . Procede selon la revendication 30, dans lequel le rapport molaire de I'agent d'espacement / de couplage des ions 
45 d'onium quaternaire intercales aux cations de I'intercouche de phyllosilicate est de 1 / 1 a 1 / 5. 

32. Procede selon Tune quelconque des revendications 28 a 31, dans lequel le rapport en poids de I'intercalant en 
polymere thermoplastique ou thermodurcissable au materiau de phyllosilicate, sur la base de la matiere seche, 
est de 20 grammes d'intercalant epoxy par 1 00 grammes de materiau de phyllosilicate a 200 grammes d'intercalant 

50 epoxy par 100 grammes de materiau de phyllosilicate. 

33. Procede selon Tune quelconque des revendications 28 a 32, dans lequel i'intercalant de polymere est dans un 
oligomere ou polymere epoxy intercale dans le phyllosilicate en coulant I'oligomere ou polymere epoxy et en dis- 
persant le phyllosilicate dans la coulee epoxy. 

55 

34. Procede selon la revendication 33, dans lequel ladite dispersion est accomplie dans une extrudeuse. 

35. Procede de fabrication de la composition nanocomposite selon I'une quelconque des revendications 1 a 6, com- 
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prenant ('intercalation du materiau de phyllosilicate avec un agent d'espacement des ions d'onium quaternaire en 
mettant en contact le phyllosilicate avec les ions d'onium quaternaire dans un rapport molaire ions d'onium qua- 
ternaire / cations echangeables de I'intercouche de phyllosilicate d'au moins 0,25 / 1 ; 

la formation d'un melange du materiau de phyllosilicate intercale avec un agent de traitement a I'anhydride 

5 et un second agent intercalant de resine epoxy pouvant etre traite a I'anhydride ; et 

la soumission du melange a des conditions suffisantes pour reagir et polymeriser la resine epoxy pouvant 
etre traitee a I'anhydride avec un agent de traitement a I'anhydride pour la resine epoxy pour traiter la resine epoxy 
lorsqu'elle est en contact avec le phyllosilicate intercale et pour co-intercaler la resine epoxy entre les lamelles 
adjacentes du materiau de phyllosilicate, dans lequel la resine epoxy pouvant etre traitee a I'anhydride est com- 

10 binee en des quantites telles que le materiau composite resultant contient de 40 % a 99,95 % d'oligomere ou de 

polymere epoxy et de 0,05 % a 60 % de phyllosilicate intercale. 

36. Procede selon la revendication 35, dans lequel le second agent intercalant est une resine epoxy pouvant etre 
traitee a I'anhydride, ou des reactifs monomeres capables de polymerisation pour former une r§sine epoxy pouvant 
15 etre traitee a I'anhydride. 
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